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INTRODUCTION 


\ \ .HEN we wish to characterise individuals physically (as with 

any other kinds of classification) we seek the fewest differentia 
covering the widest number of attributes. Therefore, we can first refer 
to the overall size, next the general shape or proportions, and lastly we 
ean pick out special characteristics or peculiarities. Whilst the classi- 
fying principles should cover as wide a sphere of influence as possible, 
at the same time they should be functional unities rather than mere 
aggregates of unrelated parts; the concept of type meets these require- 
ments. The first problem is to determine the type basis as given by 
the grouping of the measurements and the second problem is to deter- 
mine how the individuals are distributed in respect of this basis. The 
determination of the basis of physical types can either be made arbi- 
trarily and subjectively or it can be done objectively by partitioning 
the relations between different physical measurements, using factor 
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analysis of correlations or co-variances. The second stage of allocating 
individuals to their type and measuring their type strength is necessary 
if practical use is to be made of the first, and again this can be done 
objectively. There is no need here to enter into the question of the 
validity of the methods of factor analysis or to be concerned with its 
theoretical aspects. We need merely recognise that factor analysis has 
its uses in classifying anthropometric data and, accepting this standpoint, 
the purpose of the present paper is to extend its application to measure- 
ments of children—where far fewer studies have been made than in the 
case of adults. This is of two-fold importance, first, because the ques- 
tion of how soon adult types (about which there is a large measure of 
agreement) can be recognised, is important, and second, because studying 
physical types in children where growth is still proceeding provides help- 
ful information in interpreting the genesis of adult types. The data 
presented go rather further than most studies in including measurements 
of individual type strength and its constancy over a period. 


MATERIAL 


The present paper sets out the results of factorizing measurements of 
various groups of children in Britain, together with a comparison of a 
similar analysis of measurements of American children of the U. S. 
Bureau of Agriculture Survey made for clothing purposes. (O’Brien 
et al., 41.) The English children were from three social groups repre- 
sented by children from the best homes attending fee-paying (private) 
schools (Group A); from free local authority schools in good neighbor- 
hoods (Group B); and from free schools in the poorest neighborhoods 
of a number of industrial towns (Group C). 

Altogether 1,430 private school children and 1,537 free school children 
were measured and clinically examined. The age range was from 5-18 
years. After three years the series of measurements was repeated on the 
children still attending the schools. 

Twenty measurements were correlated in Groups A and C. and the 
same plus 13 additional measurements in Group B. The correlations 
were derived from the deviations about the mean measurements for 
each year. 

All the correlations were positive and all but 5% were significantly 


’ For details of description and analysis of the clinical assessment used see 


Adcock, Llammond and Magee, "47. 
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different from zero. Practically all the low correlations were between 
subcutaneous tissue and the length measurements. When the correla- 
tions were transformed into z coefficients to test how far corresponding 
coefficients differed from one group to another, it was found that only 
2.5% of the coefficients (boys) and 3.1% (girls) differed significantly 
between social groups of the same age, and 3.5% (boys) and 4.6% 
(girls) of the coefficients differed significantly from one age group to 
another (3 s.e. of difference). These results showed that the relations 
between any one measurement and others were very constant and the 
z coefficients were, therefore, combined to produce one table of correla- 
tions for each sex. The average “within year” correlations for each 
sex * are given in table 1 (figures for boys being above the diagonal 
and for girls, below). 


DETERMINING THE TYPE BASIS 


Analysis of the correlations and comparison of factor results. 

Each table of correlations was factorized using Burt’s multiple gen- 
eral factor analysis with communalities for the first three factors in the 
leading diagonal (Burt, 40). The simple summation method was used, 
except for the combined groups, where the least squares method was 
used. The saturations for the first general factor and two type factors 
of each group are set out for comparison in table 2 and table 3 gives 
the comparison of Group B and the American children’s clothing survey 
results. A more precise indication of the agreement between the factor 
pattern from one group to another is given by correlating the order of 
the factor saturations. The rank order correlations average .83 for boys 
and .87 for girls in the case of the general factors, .94 and .97 for the 
main type factor, and .74 and .77 for the subsidiary type factor. Even 
when different batteries of measurements as well as different groups of 
children are involved, as in table 3, there is considerable agreement, as 
the measurements which are common to the batteries tend to maintain 
their relative positions. ‘Thus the 11 measurements common to the two 
studies correlate to the extent 0.95 in respect of the general factor 
saturations and 0.90 for the first type factor saturations with an average 
difference of only .017 in the general factor saturation coefficients. The 


* The tables of correlation for different age and social groups are available if 
required, together with particulars of the measuring procedures. 
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TABLE 3 


COMPARISON OF RESULTS FROM Two STUDIES 


American Children’s Clothing Survey and English 7-11 year group 





Boys 


Weight 
Height 
Sitting height 
Vert. trunk girth 
Tibial height 
Crotch length 
Leg length 
Arm 

Foot 

Hand 

Foot breadth 
Hand 

Wrist 

Elbow 

Ankle 

Knee 


Interspinous breadth 
Intertrochanteric “ 


Interiliac 
Inter acromial 
Chest breadth 
Chest depth 
Neck base girth 
Chest 
Waist 

Hip 

Seat 

Upper arm 
Armscye 
Wrist 

Ankle 

Knee 

Calf 

Thigh 


Body fat 


General factor 


English American 


Type factor 


English American 





953 965 
.805 826 
789 
899 
128 
830 
757 .735 
781 177 
739 
781 
785 
732 
773 
800 
.784 
878 
653 
899 902 
769 
716 
691 
671 
732 
880 S881 
800 802 
879 
909 948 
.796 819 
847 
842 
857 
.923 880 
873 862 
864 
537 


—.107 —.109 
431 .266 
347 

.067 
543 
.012 
333 546 
.386 .350 
381 
.389 
.186 
.286 
.266 
107 

—.138 

—.085 

—.023 

—.044 —.095 

—.077 

155 

—.088 

—.050 
—.002 
—.178 —.187 
—.303 —.330 
—.303 
-.275 —.212 
—.378 —.348 
—.113 

055 

—.138 

—.187 —.006 

—.208 —.130 

—.306 

—.582 
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next factor is not equivalent since it is based largely on the division of 
breadths which are not present in the American study.* The comparison 
is between two batteries of correlations in which age has been eliminated, 
in one case by partial correlation (holding age constant), in the other 
by correlating deviations about the yearly averages. Agreement with 
the analysis of the American zero order correlations (in which age is 
retained) is almost as good, the difference being that the general factor 
contributes a greater proportion of the total variance as it now includes 
the size differences between ages as well as within age groups. The type 
factor is little affected. 


NATURE OF THE FACTORS 


To some extent the initial choice of measurements determines the 
types that will result, hence a fairly representative set of body measure- 
ments was used, especially in Group B where additional breadths were 
included to counteract the slight preponderance of girths in the other 
groups. The results actually differ little from those of the smaller 
battery. 


The three main factors were as follows: 


The general factor for physical size: indicating a general tendency 
to be above or below average for age in all measurements. As one might 
expect, weight was the best indicator of general size and subcutaneous 
tissue the least indicative. This factor accounted for some 56% of the 
total variance. Weight was so highly correlated with the pool of all 
the measurements that it could quite reliably be used as a substitute for 
most purposes. 


Type factor: Pachysome-leptosome dichotomy. After eliminating 
general size, the first type factor showed that the measurements were 
grouped quite clearly and regularly into length and circumferential 


* The closeness of the comparison suggests the interesting possibility of devising 
standard batteries consisting of a representative set of measurements (e.g. for 
head or general body dimensions—possibly obtained from pooled batteries) in 
which the general factor saturations are accepted for use in studying finer rela- 
tions between groups of measurements which are themselves too specialised to 
produce a general factor for body measurements—as distinct from their own 
common factor. As an example, Table 3 shows that where measurements are 
common to both groups the general factor saturations could be taken from either 
study and one could probably also pool the remaining figures, so producing the 
equivalent of a battery of some 40 measurements. 
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measures with breadth measurements aligned with the lengths. Chil- 
dren excelling in the length measurements will, therefore, be the lepto- 
somes and those excelling in girths and fat, pachysomes, to use Burt’s 
term (Burt, 47). The best indicators of the length group were stature 
and leg length for both girls and boys and the circumferential component 
was most clearly indicated by upper arm circumference, knee circum- 
ference and subcutaneous fat in both groups. The factor variance was 
10% of the total variance. 

In the American study where somewhat different girth and length 
measurements were used, the distinction into vertical measurements and 
girths is without exception, and weight is again grouped with the girths. 
Only one breadth measurement was included. 


Factor for trunk-limb development. The second type factor is not as 
clearly defined as the first. For girls it shows up in a tendency to develop 
the trunk (lengths, breadths or girths) or the limbs (leg and arm lengths 
and girths with stature and foot measurements). For boys the girth 
development is largely due to fleshy parts (waist, hip, upper arm and 
body fat) with small bone formation (extremities, wrist, ankle and 
shoulder breadth) on one hand, or large breadth of trunk and limb bones 
on the other. The pachysome type can therefore be split into the pyknics 
who are rotund but not broad and the eurysomes who are broad and 
stocky rather than plump. The growth in length results either in long, 
slender limbs and short trunk or long trunk and shorter and sturdier 
limbs. 

$y analysing only length and breadth measurements or only breadth 
and girth measurements it appeared likely that a breadth factor was 
present which was being overshadowed by the girth-length type factor 
and it was then showing itself in the secondary type factor distinguish- 
ing between pyknics and eurysomes in boys. In girls we see that the 
secondary type factor corresponds to trunk or limb development with- 
out differentiating between breadths and girths and indeed a group 
factor analysis of 33 measurements for Group B girls which included 6 
lengths, 11 breadths and 10 girths failed to give any factor correspond- 
ing to breadth measurements. The bi-polar analysis of the larger battery 
differentiated between the lengths on one hand and trunk girths and 
breadths on the other, with limb breadths following the limb and other 
lengths. Shoulder breadth and knee breadth were the exceptions. 


Interpretation of the first type factor. 
When we examine the saturation coefficients more closely they sug- 
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gest the interesting possibility that the physical types may be related 
to the degree of maturation and sex differentiation. If we consider the 
female form in relation to the measurements we have girths (especially 
those which include fat) predominating over the length and skeletal 
measurements and with large hip measurements especially characteristic. 
Conversely the male form has large bone size—especially of the long 
bones—breadth of shoulders but not of hips, and low fat measurements 
and girths over fatty regions. Knee is one of the girths in which girls 
excel (even in absolute measurements). These results are consistent 
with the leptosome type being on the whole more masculine and the 
pyknic type more feminine.* We should then expect shoulder breadth 
to be in the opposite group from the trunk and pelvic development, 
whilst knee breadth as well as girth would go with the more “ feminine ” 
component, and this is so. 

The fact that ankle, wrist and elbow breadths are grouped apart from 
the correspondingly named girths is due to the location of the breadths 
being at the condyles of bones whereas the girths are taken at the 
“waist ” position so avoiding these prominences but including fat and 
also muscle near its point of attachment. They are fundamentally 
different measurements and the analysis shows this. Another possible 
interpretation of the first type grouping is the distinction between 
essentially bony and non-bony measurements, but this is open to the 
objection that trunk breadths and depths, as measured from the loca- 
tion of bony points, are grouped with the corresponding girths which 
include the other tissues as well. 


ASSESSMENT OF THE INDIVIDUAL’S TYPE STRENGTH AND ITS CONSTANCY 
OVER THREE YEARS 


Besides knowing what physical types exist in the sample, we need 
to know which individuals fall into the different types and also whether 
they are extreme examples or not. The most satisfactory way to measure 


‘Some justification for this is given by the fact that Berry and Cowin (’51) 
found (male) pubic development to be more advanced among the leptosomes than 
among the pyknics. In Table 3 they show that successive stages of pubic develop- 
ment are accompanied by progressively more leptosome habitus (greatest height 
for given weight and reduced subcutaneous fat). The author’s statement in the 
discussion that “ pyknics tend to mature more rapidly than leptosomes ” is quoted 
from an unsubstantiated observation in “Child Health and Development,” p. 173, 
Ed. Ellis Churchill, 1947, and it is at variance with their own results. 


~~ 
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a child’s type strength is by means of regression equations which weight 
the measurements according to their diagnostic value as type determiners. 

The general and first type factor values for each child have been 
calculated from regression equations involving all 20 measurements 
taken;° these are the values on which the type classification is based. 
Shorter methods of typing have been studied and the results of the 
agreement with the long method are given below. The constancy of 
individual type values over two or three years expressed as the correla- 
tions between first and second measurements were of the order 0.80 
(0.65-0.92) for boys and girls; the correlations tending to be lower 
around puberty. This means that, for the leptosome-pyknic type divi- 
sion, after the three years interval when the children were re-measured, 
some 11% of the boys then aged up to 13 years had changed their type, 
whilst after age 14, 18% were found to have changed their type. For 
girls the percentages were 8% up to age 9 years, 22% for girls who had 
reached 10-13 years and after 14 years the figure again fell to 12%. 
Most of the children who changed their type were in the intermediate 
range on both occasions but in some cases considerable change occurred 
when certain of the boys tended to increase their heights and limb 
lengths without “filling out ” correspondingly, or a few failed to gain 
much in height but continued to gain in girth measurements. For the 
girls the marked changes nearly always consisted of a great increase in 
girth and fat measurements compared with the group. These results 
can most readily be interpreted as being due to a different time of onset 
of the pubertal spurts. The type changes were not associated with any 
change in the nutritional gradings, though it is conceivable that the 
clinician might have altered his assessments in some cases had he known 
the previous conditions of the children. 


Simplified type measurements. 

From a practical point of view there is need for an accurate easily 
applied scheme of typing based on a few measurements only. 

One method is to retain only those measurements with high coeffi- 
cients in the regression equations. When many measurements are dis- 
carded the remainder will have different coefficients and their diagnostic 


° Mean measurements for the types have been calculated separately for each 
year of age, the sexes and the different school groups in order to study the relation 
between physical type and the assessments of nutritional status, the effect on 
growth and also the effect on the prediction of body weight from certain measure- 
ments. It is hoped to publish these findings in another paper. 
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importance may be altered, but this can be calculated. However, in the 
ease of the general factor for body size, weight alone has such a pre- 
ponderant effect that a satisfactory approximation can be obtained by 
relying on weight alone (the general factor saturations for weight vary 
from 0.91 to 0.97). On applying this method to the estimation of the 
type factor, the highest multiple correlation was obtained using height 
and arm length, arm and knee girths. (R~z — 0.947). The equation 
being as follows: 

type = .226 height + .135 arm length — .22 

knee girth 


XN 
‘ 


arm girth — .134 


(where the measurements are expressed as deviations divided by the 
standard deviations). 
Similarly the factor measurement for the leptosome-eurysome type 
is given by the regression equation : 
type = .311 height + .120 arm length —.126 interacromium 
—.073 intertrochanter, 


(a plus score indicating leptosome and a minus score eurysome type). 

For the pyknic-eurysome type the equation is as follows: 

type = .119 interspinous + .141 intertrochanter + .137  inter- 

acroniium — .203 arm girth — .228 fat over triceps 

(where a positive result indicates eurysome and a negative one pyknic 
type). 

The multiple correlations are 0.92 for the leptosome-eurysome distinc- 
tion and 0.75 for the pyknic-eurysome distinction. (R_— 0.72 is given 
by trochanter, acromium and arm girth alone). 

Even with only 4 or 5 measurements, regression equations are rather 
cumbersome since they require different weights for each sex and age 
and possibly also social group, to allow for their different means and 
standard deviations. An alternative simplification is to use the ratio 
of measurements indicating opposite type tendencies. With children 
there is always the difficulty that age has to be allowed for, and the use- 
fulness of a ratio is greatly increased if it does not vary from age to 
age. The most serious difficulty about ratios is that the denominator 
and numerator must be made comparable by adjusting for differences in 
the size of the standard deviations.°® 


* Two simple tests of whether measurements can justifiably be used in a direct 
ratio are: (1) do the means remain at the same proportion throughout the age 


9 


range?; (2) are the coefficients of variation the same? The standard deviation is 
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In a trial group of 6 year old boys where the standard deviations 
of height and weight were numerically equal, a ratio of weight/height 
(with a constant to allow for different means so centering the ratio at 
1.00) gave a correlation of 0.86 with the actual factor measurements. 
The determination of the constant required to maximize the correlation 
is probably worth while, though no simple relation of height and weight 
can be used at all ages in view of the different relations between the 
standard deviations at different ages. 

Another ratio of measurements of opposite type value (which, 
moreover, changes little with age, being approximately 2:1 for boys 
and 2.1-2.2 for girls) is that of height/chest. The other very useful 
property is that the ratio of the standard deviations of the two measure- 
ments is also fairly constant at practically the same ratio. This means 
height ems & 100 
2 & chest ems 
and it will tend to center near 100 and be free from any bias introduced 
by non-comparable units. However, absolute figures should only be 
compared within the same age group. 





that type could be indicated by the straightforward ratio 


height 

2 X chest 
ment was 0.66 in a 6-year boys group and 0.73 in a girls 10-year group. 
(Corresponding multiple correlations of type with height and chest are 
0.73 and 0.75). The rank order correlation between original ratio value 
and that for three years later is 0.82 for the boys and 0.70 for the 
girls. (This is over the pubertal ages 10-13 where one would expect 
most irregularity of growth). 

Another ratio based on measurements having a fairly constant rela- 
tion to each other and whose standard deviations are also roughly pro- 
portional to the means, is that of height and hip girth. The correlation 
with type is 0.83 for girls with a reliability coefficient between first value 
and one three years later — 0.66. (The multiple correlation of type 
with height and hip girth is 0.79.) 


The correlation between the ratio and type factor measure- 


the equivalent unit of measurement and, therefore, if a child is above or below 
average by one standard deviation in either measurement this should result in the 
same change of value for the ratio, otherwise a bias is being introduced in favor 
of one or other measurement and big children will tend to have different ratios 
from small ones (this assumes that the variables are distributed approximately 


normally). If comparisons are being made within a restricted age or size range 
(1) above is no longer necessary. According to these criteria the ratios for 


slender-stocky body form in children (Meredith and Culp, 51) and Pryor’s (’43) 
width-weight tables are of variable usefulness. 
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The ratios would seem to answer the purpose of providing a simple 
type assessment fairly satisfactorily, but they should be used with 
discrimination especially when approaching the pubertal age. 


DISCUSSION 


As we have seen, the results of anaiyzing measurements of children 
show that physical types corresponding closely to the leptosome—pyknic 
differences in adults can already be differentiated at 5 years onwards. 
Moreover, they remain fairly constant throughout childhood. This may 
indicate that there is a constitutional basis which determines the future 
development. On the other hand the fact that an individual has a ecer- 
tain body build at, say, age 8 years may indicate that he is likely to 
remain of the same type throughout childhood simply because his growth 
(which is predominantly an all-round function affecting all bodily struc- 
tures rather than being specific to particular organs) will not be suf- 
ficiently varied to erase the pattern of his present measurements. This 
situation obtains at least until puberty and probably through it, be- 
cause even the apparently marked difference in shape which arises during 
puberty is not comparable with the overall increase in growth (which 
is also at its maximum). 

Analysis of the individual’s growth increments in different measure- 
ments is needed to determine the extent to which general growth and 
“ directional ” or type growth predominate and in the author’s unpub- 
lished studies the general growth factor contributed 43% of the total 
growth variance compared with type growth (i.e. length growth com- 
pared with breadth or girth growth) of 8% for babies’ growth from 
one to 5 years. For schoolchildren the variance of growth common 
to all measurements was 40% of the total growth variance, and the 
residual variance would include all growth which was specific to sepa- 
rate structures (including error variance), growth of related parts, e. g. 
hand length and breadth, as well as the type growth. 

When the adult stage is reached the situation is quite different be- 
cause growth ceases but weight may continue to increase up to or after 
middle age, followed by a loss in weight as reserves are used up without 
replacement. Here the weight change is mainly responsible for change 
in fat and girth measurements without affecting lengths; hence differ- 
ences in the amount of change affect body build. The nearest ceom- 
parable influence in childhood is the effect of nutritional conditions 


which, besides depressing or accelerating growth, also cause specific 


le 
‘h 
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change in body fat—and consequent change of the girths—either through 
increasing it as a storage product when intake exceeds the energy needs 
of growth and activity, or decreasing it as the balance is reversed. 

The leptosome-pyknic type values are affected by sex, age, nutri- 
tional conditions and social class among others, and the simplest way to 
allow for these conditions is to regard the measurements as being rela- 
tive to the sex, age and social class within the nutritionally normal or 
subnormal levels. 

Only when one can be assured that the varieties of physique can be 
measured satisfactorily can one begin to assess their effects on growth, 
susceptibility to disease, and in the wider psychosomatic “eld. 


SUMMARY 


The present paper has shown that after allowing for general size 
differences, types similar to the leptosomes, pyknics and eurysomes in 
adults can be distinguished in children from ages 5-18 years. The 
major type division proved very constant from one group to another. 

The distinction is made between pyknics and eurysomes rather than 
mesosomes and eurysomes because neither of these types is intermediate 
but instead one excels in breadth of trunk (having a flattened cross- 
section) and the other in all-round girth (having a more cylindrical 
cross-section ). 

Secondary types corresponding to those with large trunk and small 
limbs and the converse also exist, but this distinction accounts for very 
little of the total variance. It is suggested that type differentiation is 
related to degree of maturation and sex differentiation in boys, pyknics 
having relatively infantile characteristics and later public development 
than leptosomes. 

Regression equations and ratios of diagnostic measurements have 
been tested against type factor measurements based on all 20 variables 
and these would seem to provide effective short cut methods of typing. 

Children were remeasured after an interval of three years and the 
constancy of type was high. This was due not so much to continuing 
to develop along characteristically type lines but because growth is 
mainly general or isometric and therefore fails to upset the type pattern 
once formed. These considerations are fundamentally different from 
the ones affecting type constancy in adults. 
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INCREASE IN CRANIAL THICKNESS 
DURING GROWTH * 


BY A. F. ROCHE 


Anatomy Department, Western Reserve University 


INTRODUCTION AND MATERIAL 


NOR many years, anthropologists have studied cranial thickness in 
} different racial groups but no attention has been paid to the increase 
in cranial thickness as individuals grow. In fact, I can find only two 
reports in the literature of studies on skeletal material of known age 
and neither of these is comparable to the present study. 

In 1882, Anderson reported measurements of cranial thickness in 
154 Irish cadavers. The age at death was known in the majority of 
these but only 4 of the group are in the age range which is covered 
by the present material. Furthermore, Anderson made his measurements 
at points which are not precisely defined so that no useful comparison 
can be made between his findings and those presented here. 

There are satisfactory data available regarding cranial thickness in 
the white American male between the ages of 20 and 84 years. These 
were published by Todd (’24) following a study of 484 skulls of known 
age and should be regarded as an extension of the findings which are 
recorded in this paper. 

The measurements presented here were made on the radiographs of 
children examined between the ages of three months and 17 years. 
During the first year, these examinations were at three-month intervals. 
Between 1—5 years examinations were made at intervals of 6 months. 
Annual examinations were made thereafter until the age of 21. These 
radiographs were all taken under standardized conditions using the 
Bolton-Broadbent cephalometer (Broadbent, 31) and the measurements 
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made on them have all been corrected for the known amount of enlarge- 
ment that occurs. 

Measurements have been made on a total of 32 white American chil- 
dren of whom 14 were boys and 18 were girls and all of whom attended 
every examination referred to above. It was considered desirable to 
extend the study beyond 17 years, but since none of these children had 
been serially examined beyond this age, measurements were made on the 
isolated radiographs of subjects who were of the same sex and race as the 
previous group. In this way, the study was extended to 21 years. In 
the graphs, those studied up to the age of 17 years are referred to as 
“ Group I” while those studied between the ages of 18 and 21 years are 
referred to as “ Group II.” The health records of all the children were 
available and no child who had had a serious illness was included. 


METHOD 


Tests were made with dried skulls to be certain that the landmarks 
used could be accurately located on the radiographs. It was further 
determined that measurements made on the dried skull were equal to 
corrected ones made on its matching radiograph. All the radiographic 
measurements were made with sharp pointed dividers at right angles to 
a tangent to the image of the ectocranial margin. After comparison with 
a scale, measurements were recorded in tenths of a millimeter. 

Lateral views were available throughout the whole of the period 
studied but after the child was about 4 years old the cranial outline did 
not completely fit on the film and so its thickness could not be measured 
at the vertex. Fortunately the frontal views were usually taken from 
three years onwards so there is no lack of continuity in the measure- 
ments of thickness at vertex. In some cases, this measurement could 
be made on both lateral and frontal radiographs and it was noted that 
there was no difference in the findings. 


DISCUSSION OF FINDINGS 


Nasion: After a variable age the frontal sinus grows across the 
plane in which this measurement was made. Following this change the 
width of the sinus was measured in the same plane and subtracted from 
the total thickness. In this way, two values were obtained which have 
been recorded as “total thickness” and “bone thickness only.” The 
age at which the frontal sinus first extended to this level is recorded in 
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It will be noted that there is no significant sex difference in 


the average age but that there is a wide individual variation in both 


sexes. 
TABLE 1 


The age in years at which the frontal sinus extends superior 


to the plane of measurement at nasion 





MALES FEMALES 
Average 6.6 7.0 
Standard deviation 2.5 2.0 
Oldest 12.0 11.0 
Youngest 3.5 3.5 





In table 2 and figure 1 the observations regarding total thickness at 


nasion in both males and females are presented. 


While the graphs for 


both sex groups generally run parallel it will be seen that the male 
figures are generally 8—11 per cent in excess of the female measurements 


at the same age. 


In both groups, the rate of increase is less rapid after 


one and one-half years but the male group does continue to increase 
slowly throughout the 17-year study period whereas the female group 


reaches its 17-year old thickness at 15 years. 


TABLE 2 


Total thickness at nasion recorded in millimeters 


AGE IN YEARS 
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In figure 1 the findings in both males and females have also been 
presented as percentages of the total thickness at 17 years. The female 
group is in advance of the male group at all ages and after the age of 4 
years the female group attains any specified percentage of this thickness 
two to three years in advance of the male group. 

It will be seen that between three and 14 years this thickness gradu- 
ally declines in the males and then remains constant in the group of 
children serially examined. Essentially, the same pattern is seen in 
the female group and it should be noted that in both groups the 
“bone thickness only,” during adolescence and early childhood, is ap- 
proximately the same as it is during the first year of life. Table 3 and 
figure 1 show the findings regarding “bone thickness only ” at nasion. 
After a comparison of the graphs showing “ total thickness ” and “ bone 
thickness only ” it will be realized that the width of the sinus increases 
after the age of 12 years but that the rate of increase during this period 
is not sufficiently rapid to reduce the amount of bone already present. 
In figure 1 the average measurements of “bone thickness only ” are 
also presented as percentages of the average “bone thickness only ” at 
17 years. In this graph it becomes very clear that in both sexes there 
is a rapid relative increase between birth and three years, after which 
there is a rapid decrease until 12 years when the 17-year old thickness is 


TABLE 3 
Bone thickness only at nasion recorded in millimeters 


AGE IN YEARS 








Mean 36 42 46 49 56 59 62 64 65 67 66 65 59 5.6 
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usually established in both sexes. It should be noted that both in males 




















and females the thickness at 17 years is equal to the thickness during Ww 
the first 6 months of life. be 
. —— is 
Midway Between Nasion and Bregma: Measurements were made at a 
the point where a perpendicular through the midpoint of a line joining p 
nasion to bregma crossed the external outline of the skull. The findings 
are recorded in table 4 and figure 1, where it will be seen that these find- 
ings are very similar in the two sexes. Increase in thickness is very 
slow after the age of 5 years but is still occurring up to the end of the 
period during which the measurements were made on children examined ; 
serially. The group added, in order to prolong the study to 21 years, 
' : ‘ a M. 
shows a greater skull thickness at this point than the original group. 
‘5. 
- . 8.1] 
TABLE 4 
ae , FEM 
Skull thickness in millimeters midway between nasion and bregma M 
me 
AGE IN YEARS ts. 
t+ *?#itkbeeeys 3 4 & & 6 
Mean 1.5 18 20 22 24 28 3.1 33 34 35 36 3.7 38 4.0 I 
MALES )S.D. 02 0.3 03 04 03 04 04 04 04 04 03 05 05 0.4 ] 
{ Mean 14 19 24 25 28 30 32 33 34 36 38 38 39 4.] 
FEMALES )S. D. 03 04 05 06 04 05 05 05 04 06 06 0.77 O.7 O8 
8 9 10 11 12 13 #14 #15 «#16 ~«217°«218~«19 «20 2 
{ Mean 42 43 44 45 47 48 49 49 49 50 66 66 68 6.4 
MALES ¢ ae ace a: ae » on : 
)S. D. 05 05 05 06 06 05 06 0.7 06 O8 14 13 10 1.1 
(Mean 42 43 44 45 46 47 47 48 48 48 50 52 54 52 . 
FEMALES )S.D. 08 1.0 10 10 09 09 10 10 11 10 11 12 12 13 
er a 7 FE} 
The findings have also been presented in a relative fashion and it aaa 
can be seen that at all ages the average of the female group is a higher , 
percentage of the average 17-year old thickness than is the male average. 
Bregma: Unfortunately, the measurements at bregma are very incom- 
plete. After the males reach the age of 4 years and the females reach 9 
years the cranial thickness could not be measured at this point on the 
FE 


radiographs of all the members of the group. This is due to the fact 
that the cranial outline became too large to fit the size of film used. 
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The findings are presented in table 5 and figure 2 and in these it 
will be seen that there is no sex difference over the period during which 
both males and females could be examined. The increase in thickness 
is rather rapid until the age of 4 years and then its rate gradually de- 
clines in the female group, which alone could be followed for a longer 








period. 
TABLE 5 
Skull thickness at bregma recorded in millimeters 
AGE IN YEARS 
eae ee ae oe Oe es a oe Se ee eS 
MALES 
Mean 0.0 0.1 04 10 17 23 28 3133 36 — —- —- - =- = 
8. D. 0.0 0.1 0.1 O02 O05 06 07 04 05 05 — —-— —- -—- —- = 
FEMALES 
Mean 0.0 O02 05 0.7 15 2.1 26 28 30 3.1 32 33 34 36 3.7 40 
S.D. 0.0 01 02 02 03 02 04 03 04 03 03 03 04 05 05 0.6 





Vertex: In table 6 and figure 2 the findings regarding cranial thick- 


ness at vertex are presented. 
lateral and partly from the frontal radiographs. 


TABLE 6 


These have been obtained partly from the 


It will be seen that in 


Thickness of the skull at vertex recorded in millimeters 


AGE IN YEARS 
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both sexes there is a rapid increase until the age of 4-5 years and then a 
much more gradual increase until 17 years. The older group on whom 
measurements were made between 18 and 21 years shows a greater skull 
thickness than the younger group at this point also. 
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In figure 2 the findings at vertex have been graphed in a relative 
fashion and it can be seen that there is no sex difference until the age 
of 4 years after which the male group average reaches a higher per- 
centage of the 17-year old average thickness at any age than does the 
female group. 

Lambda: The findings at lambda in both males and females are 
recorded in table 7 and figure 2. On an inspection of these, it will be 
noted that the cranial thickness at this point increases throughout the 


TABLE 7 
Skull thickness at lambda recorded in millimeters 


AGE IN YEARS 














} } 3 in” 8 @ -@- > 4 Oe ees 
(Mean 12 17 20 23 29 32 35 39 43 45 48 49 5.1 53 
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period studied but that the rate of increase becomes progressively less 
as age advances. By the age of 7 years the cranium has attained about 
80-85% of its adult thickness at lambda in both males and females. 
There is no difference between the findings in the two sexes when they 
are recorded in a relative fashion. 


Euryon: This measurement of cranial thickness was made at the 
most lateral point of the cranial outline in the frontal view and conse- 
quently information is only available for that period during which frontal 
views were regularly taken. The findings are recorded in tables 8 and 9 
and in figure 3, where it will be seen that there is very little lateral dif- 
ference. It will be noted, however, that at all examinations the aver- 
age thickness of this point in the female group is slightly greater than 
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TABLE 8 ne 

Thickness of skull at right euryon recorded in millimeters 


AGE IN YEARS 
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that of the corresponding point in the male group of the same age. At 
no other point where the cranium was measured did the average for 
the female group regularly exceed that for the male group. 


THICKNESS AT EURYON 
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Fic. 3. GRAPHS SHOWING ABSOLUTE AND RELATIVE SKULL THICKNESS AT RIGHT AND 
Lert EuRYA. 


In those graphs which show the average thickness as a percentage 
of the average 17-year old thickness, it will be seen that the female 
group is more advanced than the male group after the age of 6 years 
on the right and after the age of 4 years on the left. 


SUMMARY 


1. Cranial thickness has been measured on radiographs of white 
: Americans taken under standardized conditions using the Bolton-Broad- 
_ bent cephalometer. 
2. Serial radiographs of 32 children between the ages of three months 
} and 17 years were examined and the study was prolonged to 21 years by 
the inclusion of radiographs of different individuals. 
3. The average cranial thickness of the males exceeds that of the 
females at all points where measurements were made except at euryon. 
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There is no significant difference in cranial thickness at euryon on the 
right and left sides. 

4. At all points where measurements were made the rate of increase 
in thickness was reduced after about age 5 years but there was still a 
slight increase until 17 years. The only exceptions were in the female 
group where no increase was recorded at nasion after 15 years and at 
euryon after 12 years. 

5. Females reach a greater percentage of the 17-year average thick- 
ness at any age than the males. Only at vertex after age 4 years do the 
males exceed the females in this regard. 

6. After about age 6 years the frontal sinus resorbs the cranium 
in the plane of measurement at nasion and so a separate measurement 
of “‘ bone thickness only ” has been recorded at this point. “ Bone thick- 
ness only” gradually declines between 3 to 14 years and then remains 
fairly constant at a figure approximately equal to the thickness at 6 
months. 


I wish to acknowledge my indebtedness to Dr. Normand L. Hoerr 
and to Dr. B. Holly Broadbent who, besides making these records avail- 
able, helped me in innumerable other ways. 
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GROWTH AND DEVELOPMENT OF THE 
CHIMPANZEE; A LONGITUDINAL AND 
COMPARATIVE STUDY * 


BY JAMES A. GAVAN 


Yerkes Laboratories of Primate Biology, Inc., 
Orange Park, Florida 


INTRODUCTION 


UMAN growth and development have been investigated by anthro- 
H pologists for some time, but, by comparison, little is known 
concerning the details of these processes in any of the anthropoid apes. 
It was to fill this gap that some 12 years ago Dr. Henry W. Nissen of 
the Yerkes Laboratories of Primate Biology inaugurated a program for 
the longitudinal study of chimpanzee (Nissen, 42). During its first 7 
years the program was assisted by generous grants from the Samuel S. 
Fels Fund. One aspect of this project was the collection of the physical 
growth data dealt with here. I wish to express my indebtedness to Dr. 
Nissen for the opportunity to analyze these data and for his continued 
interest, advice, and assistance during the progress of the work. 

The present investigation centers around two main problems: first, 
resemblances and differences in growth (increase in size) and develop- 
ment (change in form) between chimpanzee and man; second, the deter- 
mination of a methodology which will present these resemblances and 
differences in a simple and useful form. Both questions have importance 
not only for the general study of animal growth but also for the fuller 
understanding of the relative position of man and chimpanzee within 
the primates. 

Previous studies have contributed to the over-all picture of non- 
human primate growth, but in general they have suffered from a number 


* Revision of a thesis submitted for the degree of Doctor of Philosophy in 
Anthropology, University of Chicago, 1953. 
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of difficulties. Most of the data have been crosz-sectional and were 
obtained from animals of unknown age. Even where the same animal 
yas measured repeatedly, its age has usually been determined by morpho- 
logical comparisons with animals also of unknown age. ‘This circular 
process, although admittedly unsatisfactory, was unavoidable. Of even 
more importance, usually little or nothing was known about the con- 
ditions under which the animal lived prior to examination. The present 
longitudinal study of laboratory-born and reared chimpanzees avoids all 
such handicaps. 

A number of papers have come from these Laboratories dealing with 
various aspects of chimpanzee growth. Whenever pertinent, their data 
have been incorporated in the present paper. Bingham (’29) dealt 
with linear measurements, but since his subjects were all of estimated 
birth date, these data were not used. Jacobsen, et al. (’32) described 
the weight growth of one animal for the first year. Spence and Yerkes 
(737) and Grether and Yerkes (’40) have reported on normal weight 
growth. There were 5 papers (Nissen and Yerkes *43, Nissen and 
Riesen *45, *49a, *49b and Clark *45) which dealt with various aspects 
of the general problem of chimpanzee growth, but as no new data are 
available, their problems are not reconsidered. 

Other chimpanzee growth studies are those of Noback (’31) and 
Budd, et al. (’43), who give longitudinal data for a comparatively short 
age range. In 1940, Schultz published his monograph on “ Growth 
and Development of the Chimpanzee” in which he presented not only 
the results of his own extensive research, but also brought together the 
published data which were then available. The present paper, based on 
more adequate data, is, in a sense, an extension of this earlier study. 


DATA 


All original data are longitudinal in nature and were obtained from 
animals born and reared at the Yerkes Laboratories of Primate Biology. 
The basic data are from 16 animals, 9 males and 7 females, who are 
referred to as the Normative Group.. These animals were separated 
from their mothers immediately after birth and raised in the Labora- 
tories’ nursery where they could be continuously observed and studied. 
Although these animals were born successively over a period of 314 
years, the conditions under which they lived were uniform in most 


essentials. Environmentally this is a very homogeneous group. 
According to the original plan of the study, the Normative Group 
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was measured monthly for the first year, quarterly for the next two 
years, and then yearly. In general this schedule has been kept, but 
from time to time circumstances forced some variation. Sometimes it 
was impossible to measure a given animal at all, and occasionally only 
certain measurements were possible. All changes in this schedule can- 
not be given in detail, but the brief summary in table 1 gives the ani- 
mals’ names and identification numbers (odd male, even female) and 


TABLE 1 


Chimpanzees of the Normative Group and the data available for each animal 





ANIMAL'S AGE (MOS.) AT FIRST NUMBER OF SETS 








NUMBER NAME AND LAST MEASUREMENT OF MEASUREMENTS 
55 Ken Birth-144 30 
57 Art Birth—144 25 
59 Alf Birth—132 30 
61 Bard Birth-144 31 
65 Scarf Birth—120 27 
67 Jed Birth—132 22 
71 Jent 2-120 15 
73 Spratt Birth— 12 6 
79 Web Birth—-108 16 
90 Jenny Birth—144 31 
94 Jojo Birth—144 30 
98 Banka Birth-132 27 

100 Flora Birth—132 25 
102 Fanny Birth—120 19 
104 Falla Birth—120 16 
106 Karla Birth— 96 16 


Total 16 Birth—144 366 





the age-range during which measurements were taken. The final column 
shows the number of sets of measurements, not all complete. For one 
animal, Jent, the study began at two months instead of at birth as for 
all the others. Spratt died at one year, but as his death was sudden, he 
was considered normal and was, therefore, included. There are 366 sets 
of measurements covering the age range from birth to 12 years. 

The complete set of measurements used in the present study includes 
the following : weight, trunk height, hip breadth, thigh length, leg length, 
knee height, foot length, upper arm length, forearm length, hand length, 
head length, head breadth, upper face height, and biorbital breadth. 
Paired measurements are for the left side only. 
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The measuring technique was essentially that described by Schultz 
(729). Those measurements which differ from his description are: 

Upper arm length: instead of acromion, the point used was the 
most superior point on the head of the humerus when the arm was 
extended across the chest. The values so obtained are slightly less than 
Schultz’ and closer to those taken directly on the bone. The difference 
is not great. 

Forearm length: this is ulna rather than radius length. The meas- 
urement was taken from the most distal point on the ulnar styloid 
process to the most proximal point on the olecranon process. 


Biocular breadth: distance between the two points on the orbital 
margins opposite the ectocanthi. 


Upper face height: naison was taken as the mid-line point between 
the entocanthi; the measurement was taken to the most inferior point 
on the upper medial incisors. 


All data were recorded and are presented here in the metric system, 
the weights in tenths of a kilogram and the linear measurements in 
tenths of a centimeter. 

The collection of weight data has been a cooperative task of many 
members of the Laboratories since their foundation. As the same method 
of weighing has been used consistently and as the beam scales have been 
checked periodically, there is no question of comparability of earlier and 
later data. Most of the linear measurements were taken by H. W. 
Nissen and A. H. Riesen, the remainder by the author. The same 
instruments were used throughout, and the individuals concerned have 
repeatedly checked themselves so that their technique would be consistent 
and comparable. 

After infancy, when the animals were large enough to resist, the 
linear measurements were taken with the animal under barbiturate 
anesthesia, thus eliminating errors caused by the animal’s struggles and 
muscle tension. 

Supplementary data from animals not in the Normative Group have 
been used in the determination of the duration of the subdivisions of 
the total growth period and for the curves of normal weight growth. 
In each case the inclusion of such data is indicated. 

For human comparisons, the data published by Simmons (’44) on 
the Brush Foundation children (Cleveland, Ohio) were used. This 


series was selected because the data are longitudinal, extending from 
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three months to 17 years, and the children came from homes where 
above average nutrition and medical care were available. In these re- 
spects the human and chimpanzee subjects are probably reasonably 
comparable. 

In the Brush study, forearm Jength is length of radius; there is no 
measure of biorbital breadth, upper face height, or foot length; also, 
there is no direct measurement of either trunk height or thigh length. 
Trunk height curves were obtained by subtracting the mean for sym- 
physial height from the mean for suprasternale height. Thigh length 
was obtained by subtracting the knee height mean from the symphysial 
height mean. 


SUBDIVISIONS OF THE TOTAL GROWTH PERIOD 


The age span of growth may be divided into periods on the basis 
of certain events which occur in the life of each individual. The most 
convenient ones to use are birth, completion of the deciduous dentition, 
puberty, and completion of linear growth. Postnatally these events 
delimit infancy, childhood, and adolescence. 

The duration of each of these periods in months is given in table 2a 
while in table 2b the duration is expressed as a percentage of the total 
growth period, conception to completion of growth. In the construction 
of these tables all the available data in these Laboratories have been used 
to determine the chimpanzee values. 


TABLE 2A 


Duration (in months) of the subdivisions of the total growth period 





SUBDIVISIONS OF THE TOTAL GROWTH PERIOD 
GROUP TOTAL 
PRENATAI INFANCY CHILDHOOD ADOLESCENCE 





Chimpanzee 





Male 7.6 12.2" (102.4) 20.4 142.6 

Female 7.6 11.3? 93.7 19.0 131.6 
Human 

Male 8.8» 27.6° (161.2) 39.2° 236.8 

Female 8.8> 28.4° 136.4 4 39.2¢ 212.8 

* Nissen and Riesen °45 » Taback °51 © Robinow, et al. ’42 


4 Ellis ’50 ° Flory °36 
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TABLE 2B 


Duration of the subdivisions expressed as a percentage of the total growth period 





SUBDIVISIONS OF THE TOTAL GROWTH PERIOD 


GROUP TOTAL 
PRENATAL INFANCY CHILDHOOD ADOLESCENCE 
Chimpanzee 
Male 5.3 8.6 (71.8) 14.3 100.0 
Female 5.8 8.6 71.2 14.4 100.0 
Human 
Male 3.7 11.6 (68.1) 16.6 100.0 


Female 4.1 13.4 64.1 18.4 100.0 





The length of the chimpanzee gestation period has been previously 
discussed by Yerkes and Elder (’37), Nissen and Yerkes (’43), and 
to some extent by Gavan (’52a). A much larger sample is now avail- 
able; the length of the gestation period in days is given in the following 


tabulation: 


MALE FEMALE TOTAL 
Number of cases 44 41 85 
Range (days) 196-248 203-260 196-260 
Average duration (days) 224.9 229.6 227.2 
Standard deviation 11.8 11.4 11.8 


Since the difference between the male and female averages is not sig- 
nificant, the sexes were combined. This gives an average gestation 
period (conception to birth) of about 32144 weeks, or about 5 weeks less 
than the average human gestation period (Taback, 51). Length of 
human gestation is usually counted from the last menstruation instead 
of from the day of conception; to obtain conception age, 14 days were 
subtracted from Taback’s average. This yields a human gestation period 
of 263.7 days. 

The age for the completion of the deciduous dentition is taken from 
Nissen and Riesen (’45) and is based on the 16 animals of the Norma- 
tive Group. A tooth was considered to have erupted when it projected 
1mm through the gum. According to these authors, the chimpanzee’s 
deciduous dentition is complete, on the average, at 366 davs for males 
and 339 days for females; comparable figures for human children are 


828 and 852 days for boys and girls respectively (Robinow, et al. 742). 


—_ or 
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Puberty is not a point in time but includes a temporally extended 
series of events. For simplicity, the time of the first menstruation in 
females is used to indicate the onset of puberty. All animals used in 
determining the average age of puberty were not born in these Labora- 
tories, but those not born here came at an estimated age of less than 
48 months. Ages at menarche are as follows: 


FEMALES OF LABORATORY 
ESTIMATED AGE BORN FEMALES TOTAL 
Number of cases 7 14 21 
Range (months) 96-129 84-122 84-129 
Average age (months) 105.1 104.9 105.0 
Standard deviation 12.5 12.9 12.5 


The difference between the averages is not statistically significant so 
the two series were combined. This chimpanzee average of 8.8 years 
is 4.9 years less than that given by Ellis (750) for 470 English nurses. 
However, the human range, 9.5 to 18.5 years, shows considerable overlap 
with the chimpanzee range. 

For purposes of the present study, the end of the growth period 
was taken as that time when the epiphyses of the long bones in the 
shoulder, elbow, hip, and knee have completed at least one-half of the 
union with their diaphyses. (A set of roentgenograms was taken each 
time the animal was measured.) There are 7 animals whose age at reach- 
ing this criterion is known, 4 males and three females. The average for 
males was 135 months, range from 132 to 144 months; the female aver- 
age was 124 months, range from 120 to 132 months. These results 
approximate the value of 11 years given by Schultz (40) and that of 
11 to 12 years given by Grether and Yerkes (’40) for age at completion 
of growth. 

The female chimpanzee completes her growth about a year ahead of 
the male. Flory (’36) has shown that the skeletal development of girls 
becomes progressively more advanced over that of boys as age increases ; 
by assuming that this is true in the chimpanzee as well, the average 
age of male chimpanzees at puberty was placed 0.8 years after the 
female. As this is a calculated value, the age at puberty in males given 
in Table 2a has been placed in parenthesis. 

The values for human children have been taken from a number of 
sources as indicated in the table. The assumption that boys reach 
puberty two years after girls is based on the relation between puberty 
and age of maximum growth which, as Shuttleworth (’39) has shown, 
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occurs two years earlier in girls than in boys. This value has also been 
placed in parenthesis. 

Taking Table 2a as a whole, it can be seen that there are both sex 
and species differences in the absolute length of the parts of the growth 
period. The chimpanzee completes each part in an absolutely shorter 
time than do human children. The chimpanzee female completes each 
part sooner than does the male with the exception of the pre-natal period. 
The same is apparently not true for human children where girls require 
more time to complete infancy than boys. 

When the length of each subdivision is expressed as a percentage of 
the total growth period (table 2b), the differences between the male 
and female chimpanzees practically disappear. The timing of events 
within the total growth period is relatively the same for both sexes. The 
same may be true for the human data, although girls apparently re- 
quire relatively more time to complete gestation, infancy, and adoles- 
cence than do boys. Perhaps some of these differences are due to the 
diverse origin of the data. 

The species difference does not conform exactly with that given by 
Schultz (’40). He states that in chimpanzee the postnatal growth 
period is 15.7 times longer than the prenatal, while in man it is 27 
times longer. The data of table 2a gives values of about 17.0 for chim- 
panzee and 24.5 for man. Schultz used the length of chimpanzee gesta- 
tion period as 238 days; an average given by Yerkes and Elder (737) 
for 17 births. He also measures the length of the growth period by 
the eruption of the third molars; a procedure which lengthens the post- 
natal period. (A paper on the age of eruption of the permanent dentition 
in chimpanzee is now in preparation by H. W. Nissen and A. H. Riesen.) 
Even considering the slight differences in the criteria of adulthood, it 
seems unlikely that the species differences in the relative duration of 
these subdivisions is significant. Humans have an absolutely longer 
total growth period, but the relative timing of events during growth is 
roughly the same in both species. 


GROWTH : WEIGHT 


Birth weight has been the subject of a previous publication, (Gavan, 
52a). There it was shown that the average birth weight for 42 animals 
was 1.80 kg, with no significant sex difference. Using the same animals, 
birth weight expressed as a percent of mother’s weight at time of con- 
ception averages 4.25% with a range from 2.29 to 5.80%. Schultz (°40) 
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reports 4.00% for chimpanzee and 5.50% for man. Although the present 
data confirm his findings for the average chimpanzee, it is of interest 
that the chimpanzee range overlaps the human average. 

According to Schultz (’40), the average, adult female chimpanzee 
weighs 40 kg and the male 45 kg; Grether and Yerkes (’40) give the 
same value for females but 50kg for males. However, adulthood is 
not a point but rather a period of time, and at leasi in primates it is the 
longest part of the life span. In these Laboratories there are females 
who at 32 years are still capable of having children; therefore, chim- 
panzee adulthood lasts at least two-thirds of their total life span. During 
this relatively long period, weight changes can be expected. For Ameri- 
can, white women maximum weight is not reached until about age 52 
(O’Brien and Shelton, *41, fig. 9). In chimpanzee as well, weight 
continues to increase after adulthood is reached and declines a‘ier attain- 
ing a maximum value. It was felt that this maximum value would be 
more representative of adult weight than an average determined at some 
arbitrary time level. To obtain an estimate of maximum weight, it was 
assumed that by 150 months (12.5 years) any chimpanzee would be an 
adult ; the maximum weight achieved by each animal after this age was 
taken as its adult weight. No animal was used who had been in an 
experiment which could affect subsequent weight nor was any female 
used during pregnancy or periods of child raising. These restrictions 
left 9 males and 25 females, most of whom were wild born animals, 
whose records were examined to a maximum age of 320 months for maies 
and 385 months for females. The averages of the maximum weights 
are 53.4 kg and 49.2 kg for males and females respectively; the ranges, 
40.8-64.1 and 37.7—84.4, show almost no sex difference. Even if the 
heaviest female be considered abnormally obese and eliminated, the 
female maximum is reduced only to 63.6 and the average to 47.7 kg. The 
adult sex difference is an average difference only with considerable indi- 
vidual variation. 

These average weights cannot be considered as the maximum pos- 
sible average adult weight. Some of the animals had just reached 150 
months while others were not much older. That there is a real trend 
towards increased weight during adulthood, at least in males, is shown 
by the correlation between observed maximum weight and age at which 
this weight is achieved, r—.85, significant at the 1% level of con- 
fidence. The female correlation, r= .33, is not significant even at the 
5% level, but female weights are complicated by the after-effects of 
pregnancies. Of 85 births resulting in viable offspring, 32 were to 
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mothers between 152 and 208 months of age while 28 were to mothers 
214 to 337 months of age. If it had been possible to use females who 
had never been pregnant, the maximum weight would undoubtedly have 
been attained prior to the average age of 212.4 months actually found. 
The males attained their maximum weight at 166.4 months. 

For weight growth between birth and 144 months, only animals born 
in these Laboratories were used. Animals who had participated in what 
might have been a deleterious experiment were eliminated. No infant 
weight was used until at least 6 months after separation from the mother 
unless such separation occurred at birth. No female weights during 
periods of pregnancy or child raising were used; there were 25 infants 
born to females between 100 and 144 months of age. In all, there were 
37 males and 29 females used in the construction of the weight curves. 
Of these, 5 males and 10 females were used in the previous calculation 
of adult weight. 

The weight range by chronological age is plotted in figure 1. The 
gradual increase in variability and the sex overlap in the range are 
shown. At 12 months the males range from 4 to 8 kg and the females 
from 6 to 8kg; at 36 months these ranges have becomes 10 to 15 and 
12 to 16 kg, and by 108 months they are 27 to 44 and 28 to 47 kg. This 
great overlap in the range emphasizes that the trends shown in figure 2 
are those of the central tendency only. 

The range shows a consistent increase until at least 120 months. 
By 144 months, the female distribution seems to be leveling off, but the 
male distribution is apparently still increasing. 

For sex and species comparisons, the average chimpanzee and human 
weights have been plotted against chronological age in figure 2. The 
chimpanzee curves have been extended by eye to the previously deter- 
mined adult maximum weight; the human data have also been extended 
to a plateau by a smooth curve. These extensions are indicated by dotted 
lines. Until 30 months, there is no sex difference in the chimpanzee 
curves. Subsequently until 120 months the females are, on the aver- 
age, the heavier. Then the males go ahead to 46.5 kg while the females 
attain 41.8kg by 12 years of age. 

This picture is somewhat different from that previously given by 
Grether and Yerkes (’40) who found no sex difference until 7 years 
when the males become the heavier and remain so. Some of these dif- 
ferences may be due to the fact that they used both wild and laboratory 
born animals whereas the present study is restricted to the latter group. 
It may be that early environmental conditions, even though of short 
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duration, have a permanent effect upon subsequent growth. This ap- 
pears to be the more likely reason, but it is possible that some unavoid- 
able errors were made in estimating age, errors which could alter the 
entire growth curve. 

The species comparison, figure 2, shows two points of interest. 
Throughout the human growth curve there is a well marked sex differ- 
ence, except at the two points where the curves cross. Boys are initially 
and finally heavier than girls, but during the pubertal period girls 
surpass them. This double crossing of the curves does not occur in 
chimpanzee. 

Secondly, although the human child is heavier at birth and during 
adulthood, the chimpanzee is heavier for a part of the intervening period. 
Male chimpanzees are heavier than boys of the same chronological age 
from about 414 to 14 years; female chimpanzees are heavier than girls 
from 31% until 12 years. 

The rate of weight growth has been studied by means of average 
annual increments, figure 3. The absolute amount of average gain per 
year is plotted against chronological age; the dotted lines give the incre- 
ments as computed from the extended curves in figure 2. In general 
all 4 curves are of the form found in primate growth. There is a rapid 
decline after birth, a gradual increase culminating about puberty, and a 
final decline to zero as maximum adult weight is attained. 

Until about 7 years females, chimpanzee and human, are growing 
faster than males of the same species; during this same time chim- 
panzees are growing faster than human children. There follows a 
period of about three years when male chimanzees are growing con- 
siderably faster than the other three groups who follow pretty much 
the same course. At approximately 10 years, just before for the female 
and just after for the male, the chimpanzee curves begin to decline. The 
male curve reaches zero before the female because of the latter’s extended 
period of weight growth as discussed previously. At this same time, 10 
years, the human curves are still rising until human children are finally 
growing absolutely faster than chimpanzees. 

All 4 curves show an age of maximum growth. In the human 
curves, these peaks are reached before puberty, indicated by the lines at 
the top of the graph, but the chimpanzee peaks come just after puberty. 
This raises the question of what, if any, causal relation there may be 
between the age of maximum growth and puberty. In figure 4, the 
annual increments are plotted against the percent of maximum weight 
attained at the beginning of the year. In all 4 curves, the maximum 
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increment occurs at approximately 70% of mature size. This point is 
reached before puberty by human children but after puberty by chim- 
panzees. Although the problem is not solved, this relation indicates an 
alternative explanation for the occurrence of the age of maximum growth. 
It may simply mark the approach of adult size which in primates is 
achieved shortly after puberty. 


GROWTH: TRUNK HEIGHT 


In human studies, stature is usually used as the linear measure of 
body size, but the low correlation between the segments of stature found 
by O’Brien and Shelton (’41) and the comments by Howells (’51) 
would indicate that the value of stature for such purposes is i:mited. 
In non-human primates, stature is almost meaningless; the measure of 
linear body size is really trunk height, long used by Schultz as a base 
for computing indices. Unfortunately, Schultz rarely gives the absolute 
values for trunk height so that growth in this important linear dimen- 
sion is virtually unknown. 

Average trunk height curves for chimpanzees (fig. 5) have initially a 
high rate of growth which gradually decelerates to a plateau by 12 years. 
During the first year, the average male chimpanzee increases 62% and 
the female 67.1% over their average birth measurement. Thereafter, 
the yearly percent increase gradually declines. (The female increase 
between 11 and 12 years is due perhaps to the fact that only two ani- 
mals were measured at the later age. This is true for some subsequent 
curves as well.) 

The Brush curves do not begin until 18 months when the human 
child is only slightly longer than chimpanzees his own age. Taylor 
(in Krogman, *41, p. 77) gives, for white new-born children, an aver- 
age trunk height of 22.4cem with a range for boys of 19.0-26.0 and 
for girls 18.9-25.8. These minimum values exceed the chimpanzee 
maximum birth values and stress the small absolute size of the new- 
born chimpanzee. 

By two years of age all 4 groups; male and female, chimpanzee and 
human ; have essentially the same trunk height. At this time the male 
chimpanzee has increased his birth length 87.3%, and the female 94%. 
Boys have increased only 28.6%, and girls 27.7%. At birth the chim- 
panzee trunk height is only 67% of human trunk height, but growth 
is so much faster in chimpanzees that this difference disappears by two 


years of age. 
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The chimpanzee continues this more rapid growth so that for the 
next 10 years (from two until 12) the male is longer than boys of the 
same age. During this same period the female chimpanzee is longer 
than the male and remains longer than human girls until at least 13 
years of age. 
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Fig. 5. AVERAGE TRUNK HEIGHT BY CHRONOLOGICAL AGE. 


This size superiority of the chimpanzee actually has two causes. 
The male chimpanzee reaches his final size by 12 years of age whereas 
boys do not reach theirs until at least 18 (at 17, the final age in the 
Brush study, boys are still increasing). A similar situation exists for 
females so that the growth period for chimpanzee trunk height is about 
60% of the human growth period. Secondly, during the postnatal 
period, the male chimpanzee increases his trunk height 30cm and the 
female 32cm. The same increase for human children is 29.8 cm and 
27.0cm. Chimpanzees grow an absolutely greater amount in trunk 
height in a shorter period of time than do human children. 

It is apparent, therefore, that there are at least two variables in 


these growth curves; the size reached at adulthood and the length of 
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time required to reach that size. To determine what other differences 
there might be between the curves, figure 6 was constructed. There, 
age is expressed as a percent of the total growth period (see table 2a), 
and trunk height is expressed as a percent of adult size. The curves 
now show remarkable similarity indicating that most of the differences 
in figure 5 are due to these two variables, final size and duration of 
growth time. 
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There are still some differences which may be significant. Prenatally 
the human curves show a larger increase than the chimpanzee’s. At 
birth (4% of the total growth period) the human child has about 44% 
of his final trunk height; whereas, the chimpanzee at birth (5% of the 
total growth period) has only 32% of his final trunk height. Even 
after allowing for the difference in length of the gestation period, humans 
attain relatively more of their adult trunk height prenatally than do 
chimpanzees. But this relative superiority is not maintained; for a 
period of time, greater for the male than for the female, the chim- 
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panzee is relatively longer than the human child. After completing 
about 70%of their total growth period human children show a spurt, 
which does not occur in chimpanzee curves, and reach their maximum 
size relatively earlier than the chimpanzee. 

The sex comparison shows another species difference. In the chim- 
panzee curve the male is always relatively larger than the female, 
but the human girl is usually relatively larger than the boy (there 
are two exceptions, at 14% and at 80% of the total growth period). 
Whether these differences would be accentuated or reduced by more 
adequate data is impossible to say. The final size for human boys has 
had to be estimated by extrapolation of the Brush curves, and possible 
errors in the relative age scale have already been discussed. Even with 
these reservations, it is apparent that most of the species differences in 
figure 5 can be eliminated by equating the age and size scales as in 
figure 6. Human beings have a longer growth period and reach a larger 
final size, but the growth curves connecting these end points with 
conception are virtually the same in both species. 


DEVELOPMENT: TRUNK HEIGHT—BODY WEIGHT 


Change in form during growth, i.e. development, is usually studied 
by means of an index or ratio in which one measure is expressed as a 
proportion of another. An increase in the index with age indicates 
that the numerator of the fraction is increasing faster than the denomi- 
nator. Gross form changes may be expressed by any one of the many 
variations of the ponderal index in which weight is expressed in terms 
of some measure of linear size. In the present study the ponderal index 
has been calculated from the average values by dividing weight times 100 
by trunk height. (These weights are for the Normative Group only.) 
As shown in table 3, weight increases faster than trunk height; whereas 
the indices are less than 45 at the beginning they are almost 100 for 
chimpanzees and well over 100 for human children by the end of the 
growth period. 

Although all 4 groups show an increase, the curves are not parallel. 
At 18 months human children are relatively heavier than chimpanzees, 
human index over 40 and chimpanzee index under 35. At 48 months 
they are almost the same with only 2 index units separating the mini- 
mum from the maximum. Therefore, during the first 4 years chim- 
panzees increase their relative weight faster than human children. 


For the next 5 years, there is not much difference between the froups ; 
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TABLE 3 


The ponderal index (100 X weight/trunk height) for the Normative Group 
and for human children (Brush) 














CHIMPANZEE HUMAN 
a Male Female Male Female 
B 12.0 12.1 -- —- 
6 24.1 22.9 ae - 
12 30.4 28.9 — — 
18 34.5 33.6 44.7 41.2 
24 38.4 38.0 45.8 43.7 
30 40.2 40.3 47.5 45.6 
36 44.7 44.2 49.4 48.2 
48 52.2 52.0 54.0 52.2 
60 55.6 57.4 57.2 56.0 
72 60.2 64.4 60.8 61.0 
84 65.6 67.4 64.9 66.2 
96 72.2 71.6 70.4 71.9 
108 78.6 76.1 75.2 78.0 
120 86.6 76.6 81.5 84.3 
132 88.7 81.3 88.0 91.6 
144 94.9 92.6 95.2 99.8 
156 —— —_— 102.1 105.7 
168 —— -_—- 110.4 111.9 
180 — on 117.2 116.2 
192 ——- -—— 124.1 119.0 
204 —— — 128.2 123.0 





the greatest difference during this period is at 72 months where the 
range is from 60.2 for the male to 64.4 for the female chimpanzee. 
Subsequent to 9 years, female chimpanzees fall behind and become rela- 
tively the lightest; human girls become relatively the heaviest for a 
time and are finally surpassed by the boys. Beginning at 4 years there 
is a time of general similarity followed by large differences, but with 
each group changing its position in a rather bewildering fashion. 
Previously (Gavan *52b), it was pointed out that there is an alterna- 
tive way of looking at the height-weight relation, a way which in some 
respects is simpler and more instructive than the ponderal index. The 
method is (a) to use the cube root of weight instead of weight itself and 
(b) to make the comparison by means of a regression line. This method 
of comparison, cube root of average weight plotted against average trunk 
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height is shown in figure 7, along with the regression equations and 
statistical measures of variability. (Statistical methods and symbols are 
those of Fisher, 46.) All regression equations and all indices have been 
calculated from the average values and not from the individual data. 

Regression as a means of comparison has certain advantages over 
an index. In both methods, the data must be available in pairs, but 
in the index method these pairs are used one at a time. Chance fluctua- 
tions in the original data are augmented. In regression, all pairs are 
considered simultaneously, and the resulting equation shows the main 
trend of the data independent of minor variations. When dealing with 
small samples, as in the present study, this ability to identify the main 
trend is of major importance. 

Regression also makes possible the interpolation of missing values. 
The chimpanzee and human children were not always measured either 
at the same age or at the same linear size. At such ages and sizes no 
comparison is possible with an index unless the investigator uses some 
subjective smoothing process. By considering the data as a whole, re- 
gression overcomes this difficulty. For the study of individuals rather 
than averages this possibility of interpolation is of considerable advan- 
tage as the subjects need not be studied at either the same or at regular 
intervals. 

However, the use of regression also presents some difficulties; the 
principle one is the choice of which type of regression to use. A cursory 
examination of the literature would reveal any number of types ranging 
from simple, linear regression (Shepard, et al., 49) to simple, exponen- 
tial regression (Huxley, 32) and on to the complex equations used by 
Count (43). It would appear that the simpler forms have greater 
utility as the constants are easier to calculate and easier to interpret. 
These are advantages only if it can be shown that the simpler equation 
actually fits the data. 

In figure 7 the linear equation Y = ¥ + b (X —£) has been used. 
The fit of the equation can be judged by the coefficient of determination, 
equal to the squared coefficient of correlation. The coefficient of deter- 
mination expresses the relative amount of variability in the dependent 
variable which is associated with the variability of the independent 
variable. Figure 7 shows that less than 1% of the original variability 
in the cube root of weight is not associated with the variability in trunk 
height. The assumption of linearity is these data is, therefore, justified. 

The parameter b in the regression equation indicates the rate of 


increase in the dependent variable as compared to that of the independent 
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variable. Because 6 is subject to sampling errors the significance of a 
difference between two b’s must be determined by the t-test (Fisher, *46, 
p. 149). All regression equations were first calculated separately for 
each of the 4 groups; male and female, chimpanzee and human. For 
the cube root of weight compared to trunk height, the values of b were 
071 and .074 for human boys and girls; male and female chimpanzees 
had values of .070 and .066. These sex differences are not significant 
for the human children but are significant for the chimpanzee. (A dif- 
ference at the 5% level of confidence was considered significant. A 
summary of the levels of confidence for all significant differences is given 


in table 6.) 
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The lack of a significant difference in b merely indicates that the 
two regression lines are parallel; to determine if there are two separate, 
parallel lines or if they superimpose on one another, the significance of 
the size difference must also be determined. This is done by calculating 
the standard error of the mean of the dependent variable when the inde- 
pendent variable is constant (Sy in the figures). The standard error of 
the difference is the square root of the sum of these two squared standard 
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errors. The values for Y are calculated from the appropriate regression 
line using X equal to male x. The difference is divided by the standard 
error of the difference and the quotient is equal to ¢. Its level of sig- 
nificance indicates whether or not there is a sex difference in size in 
the dependent variable which is independent of the differences in the 
independent variable. 

In those cases where the difference between the b’s is significant, the 
two regression lines are not parallel, and they must intersect. At the 
intersection there is no size difference, but as growth progresses from 
this point, a size difference will necessarily develop. 

Regression thus makes possible the analysis of rate and size as two 
separate entities. It is possible to determine whether size differences in 
two dimensions are really independent of one another or are merely two 
measures of the same difference. 

In the human data there is no significant difference in either rate 
or size. Therefore, in figure 7, one equation is given for the human 
sexes. As the difference in rate for the chimpanzee sexes is significant, 
two regression equations are necessary. 

This type of analysis indicates that within each group the volumetric 
and linear measures of gross size maintain a constant relation and that 
in their development the groups hold a constant position with respect 
to one another. Regression shows a regularity during growth which 
is not apparent when the same data are analyzed by means of an index. 

Because regression gives a simpler and more easily interpreted pic- 
ture of development, the indices recommended by Schultz (’29) will 
not be used. In the linear regression equations, the denominator of his 
index will be used as the independent variable. 


GROWTH AND DEVELOPMENT: HIP REGION 


The bitrochanteric, hip breadth is the only available measure of 
chimpanzee growth in the pelvic region. Its average size according to 
chronological age is given in figure 8. The chimpanzee curve is similar 
to the previous one in that the initially rapid increase in size gradually 
decelerates. Unlike trunk height, hip breadth at 12 years is apparently 
still rising and perhaps indicates that growth in the pelvis continues 
longer than in other parts of the body. For the first two years males 
are slightly larger than females, but from 4 to 10 years the situation is 
reversed. The larger female size at 12 years may merely reflect an 
inadequate sample at this age. 
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AVERAGE Hip BREADTH ON AVERAGE TRUNK HEIGHT. 
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The human curve is quite different. The initial rate slows down, 
but unlike the chimpanzee, there is a subsequent period of acceleration 
beginning about the seventh year and lasting until about the 14th year 
when growth again slows down. 

In figure 9, hip breadth is plotted against trunk height; the linear 
regression equations and measures of variability are included. A com- 
parison of the b’s shows that all differences are significant except that 
between male and female chimpanzees. When compared to trunk height, 
hip breadth grows significantly faster in girls than in boys, and faster 
in humans than in chimpanzees, but within the chimpanzee species there 
is no significant rate or size difference. 

The values of r? indicate that most of the changes in hip breadth 
are associated with those in trunk height although to a lesser extent in 
humans than in chimpanzees. The distribution of the data with respect 
to the regression lines shows that the fit for humans is less satisfactory 
than for chimpanzees. In the latter species the points are scattered 
about the line, but in humans there are consistent trends away from it. 
The human data, both boys and girls, begin above their regression line, 
fall below it, and then return above it. This cannot be another sex 
difference as the data for each sex depart from their own line at the 
same size level and apparently to about the same degree. Therefore, in 
both species there are growth factors which are common to both trunk 
height and hip breadth, but in humans there are additional factors, 
common to both sexes and not found in the chimpanzee, which influence 


only one of the dimensions. 


GROWTH : EXTREMITIES 


Growth of the segments of the chimpanzee’s upper extremity is shown 
graphically in figure 10. In all three segments there is an initially high 
rate of growth which gradually diminishes until growth ceases at about 
11 years. From birth until almost two years, slightly earlier for hand 
length, male and female chimpanzees remain the same size, but from 
then until 10 years the female is larger. When growth is completed in 
both sexes the male is larger, indicating that the male increments are 
smaller but that they continue for a longer period of time. However, 
in the upper arm the difference in growth time is evidently not sufficient 
to make up for the slower rate, for even at 12 years the male is still 
smaller than the female. 

Comparative human data (fig. 10) show that, as in trunk height, the 
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shape of the growth curves is different; each of the human curves has a 
period of approximately equal annual increments. The difference in 
the shape of the growth curves and in the duration of the growth period 
result in changes in the comparative length of these segments. A few 
comparisons will illustrate this point. 

By expressing the human as a percent of the chimpanzee value the 
following tabulation is obtained: 


2 YEARS 5 YEARS ADULTHOOD 

M F M F M F 
Upper arm length 74.0% 71.0% 76.1% 73.4% 103.6% 974% 
Hand length 67.5% 64.3% 63.490 60.4% 79.5% T4.8% 


There is a greater difference during growth than in adulthood; for 
upper arm length, there is virtually no species difference once growth 
ceases. The hand, however, does not show a consistent trend as there is 
a greater difference at 5 years than at either two years or adulthood. 
Chimpanzees grow faster, but human children grow for a longer period 
of time. 

Unfortunately a direct comparison cannot be made for forearm 
length. The figures for chimpanzee ulna have been plotted with those 
of human radius to show that the shape of these curves is the same 
as in the other two segments. At 12 years both ulna and radius lengths 
were taken on three males and two females. The average radius length 
is 27.lem and 27.7cm, male and female respectively. The adult 
human are 93.4% and 83.0% of these values. Taking these radius 
figures in conjunction with those of the upper arm and hand, it is seen 
that at adulthood the greater species difference is in the more distal 
segments ; upper arm shows practically no difference ; chimpanzee radius 
is longer than human radius, but the greatest length difference occurs 
in the hand. 

In the lower extremity the situation is somewhat different (fig. 11). 
Here the human measurements are generally longer than the chim- 
panzee’s although there is the same distinction in the shape of the curves. 

Leg length and knee height are apparently longer in human children 
right from birth, in neither case do the species curves cross. Early in 
life, thigh length shows no species difference, but the chimpanzee’s more 
rapid initial growth makes them the larger from 2 to 4 years. As the 
chimpanzee’s rate decreases, while the human rate remains constant, 
the two species become approximately the same for the next two years 
when the human child gradually goes ahead. 
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Foot length was not measured in the Brush study, but a human, 
adult male value may be estimated from Munro’s nomograph (Munro, 
52, p. 13). From the Brush adult male, average stature and weight, 
an estimated mean foot length of 26.6 + .88cm was obtained. Using 
this value a comparison of the extremities (100 & human/ chimpanzee) 
may be made. 

MALES AT ADULTHOOD 


Upper arm length 103.6% Thigh length 144.0% 
Forearm length 93.4% Leg length 161.0% 
Hand length 79.5% Foot length 109.9% 


Chimpanzees have a longer upper extremity while humans have a longer 
lower extremity, but in neither case do all the segments equally reflect 
this difference. The chimpanzee gets his longer upper extremity from 
his hand while the human gets his longer lower extremity from both the 
femur and tibia, more from the latter than from the former. 


DEVELOPMENT : EXTREMITIES 


The developmental relation between total arm length (sum of aver- 
age upper arm, forearm, and hand lengths) and trunk height is shown 
in figure 12. There is a large difference between the species in total arm 
length at any given trunk height, but the sex difference within the 
species is small. At 28cm trunk height, the human total arm length 
is 70.2% of the chimpanzee’s; at 44cm trunk height, the percentage 
is 78.0%. The sex ratio (100 & female/ male) at 28 cm trunk height 
is 98.2% for chimpanzees and 98.8% for human children. At 44cm 
trunk height, these percentages have become 97.2% and 99.7% 
respectively. 

In all 4 groups, total arm length increases a little less than two units 
for every unit increase in trunk height; total arm length increases faster 
than trunk height, but the comparative rate remains constant through- 
out the growth period. The significance of the differences in the b’s 
shows no sex difference in rate for human children but a significant 
difference in size; chimpanzee sexes differ in rate and increase sig- 
nificantly faster than human children. 

Lower extremity length (average thigh length plus average knee 
height) is plotted against trunk height in figure 13. A comparison of 
the b-values shows the more rapid comparative rate of lower extremity 
growth in humans; 2.29 boys and 2.36 girls, whereas the same values 
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for chimpanzees are only 1.43 and 1.36. The ¢-tests show no human 
sex difference for either rate or size, but a well marked difference both 
between the species and between the chimpanzee sexes. 

The relations between the segments of the limbs are given in the 
linear regression equations in figures 14 through 17. Although for 
forearm length, ulna was measured in chimpanzees and radius in the 
Brush children, this technique difference should change only the abso- 
lute size of the comparison but not the comparative rate of the two 
dimensions. Therefore, the curves in figure 14, forearm compared to 
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upper arm, are comparable with respect to rate. Within each species, 
males grow more rapidly than females; chimpanzees grow more rapidly 
than human children. 

Growth of hand length in terms of forearm length (fig. 15), shows 
no significant sex difference in rate within either species, but both show 
a significant size difference, females larger than males. In the species 
comparison, chimpanzee hand length in terms of forearm length increases 
significantly faster than that of human children. 
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There are no chimpanzee sex differences in either rate or size for 
growth of leg length in terms of thigh length (fig.16). The human 
sexes show a significant difference in rate, and both increase faster than 
the chimpanzee. 

For foot length in terms of leg length, only the chimpanzee sexes can 
be compared. These show no difference in either rate or size so the sexes 
have been combined (fig. 17). 
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Increase of total arm length in terms of total leg length (fig. 18) 
for chimpanzees shows no significant difference in either rate or size; 
the human sexes differ in size, but not in rate. The chimpanzee total 
arm length increases significantly faster than does the human. 


SUPPLEMENTARY RELATIONS 


In the previous sections, regression was used to depict relations 
usually studied by an index. In most instances the independent variable 
was trunk height, but for the segments of the limbs, some other variable 
was used. Because comparisons can more easily be made in terms of a 
common base, the regressions of these segments against trunk height 
have been calculated (table 4). 
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TABLE 4 


GAVAN 


Constants for the linear reyression equations of dimension (Y) against 


Upper arm Igt. 


Forearm lgt. 


Hand Igt. 


Thigh lgt. 


Foot lgt. 


Head let. 


Head brd. 


DIMENSION (Y) 


trunk height (X) 


GROUP 


Chimpanzee 


Human 


Chimpanzee 


Human 


Chimpanzee 


Human 


Chimpanzee 


Human 


Chimpanzee 


Human 


Chimpanzee 


Chimpanzee 
Human 
Chimpanzee 


Human 











11.10 
11.89 


0.63 
1.47 
6.66 
6.89 


14.07 
13.48 


0.56 
1.00 
1.03 


0.53 
0.49 


0.20 
0.18 


0.10 
0.10 


0.12 


0.06 
0.07 


0.9964 
0.9951 
0.9982 
0.9954 


0.9955 
0.9956 
0.9990 
0.9970 


0.9953 
0.9915 


0.9961 


0.9940 
0.9962 
0.9963 
0.9958 


0.9947 
0.9957 
0.9961 
0.9928 


0.9953 
0.9887 


0.9452 
0.9456 
0.9763 
0.9663 


0.9464 


0.9586 
0.9583 
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The values of } are of principal interest and are shown graphically 
in figure 19. In both the upper and lower extremity and in all 4 groups, 
the more distal segments have a lower comparative rate of growth than 
the more proximal segments. In chimpanzees these gradients parallel 
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one another, with males always relatively faster than females. In 
humans, girls are relatively faster than boys in three of the 5 com- 
parisons, thigh, leg, and upper arm lengths; there is no sex difference in 
hand length, and boys are more rapid only in the comparative rate of 
forearm growth. 
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In the species comparison, chimpanzees have the higher compara- 
tive rate only in forearm and hand. Although the differences in the 
upper extremity are all significant, they are not as pronounced as in 
the lower extremity where human thigh and leg grow approximately 
twice as fast as the chimpanzee’s. 

In a comparison of similarily placed segments of the two extremi- 
ties, the human lower limb grows considerably faster than the upper 
limb, thigh 1.5 times faster than the upper arm and leg 1.8 times faster 
than the forearm. In chimpanzees there is no significant difference in 
rate between the thigh and upper arm or between the foot and hand in 
either sex. In both sexes the forearm grows faster than the leg. 


GROWTH AND DEVELOPMENT: HEAD AND FACE 


Growth of the head and face of the chimpanzee is represented by 4 
measures, head length, head breadth, upper face height, and biorbital 
breadth. The means are plotted by chronological age in figure 20; com- 
parative data from the Brush study are available only for head length 
and breadth. 

All 4 measures in chimpanzees show very rapid initial growth. Head 
length, upper face height, and biorbital breadth during the first year 
have an average monthly increase of 3.0% to 3.5% while head breadth 
has an average monthly increase of 2.1%. For head length and breadth, 
human children from three to 12 months have an average monthly 
increase of between 2.0% and 2.3%. Chimpanzee head breadth increases 
slower, but head length increases faster than these same dimensions in 
human children. 

The values of the head and face measurements at three months of 
age, youngest age for the Brush children, are expressed as a percent of 
their adult size, maximum size attained during the study, in table 5. 
In both species at three months, head breadth has attained relatively 
more of its final size than has head length. In both of these dimensions 
the human child has relatively less growing yet to do than has the 
chimpanzee infant. 

In facial dimensions, chimpanzee biorbital breadth is relatively closer 
to its adult size than is upper face height, but both facial dimensions 
have relatively more growing yet to do than has either head diameter. 

The chimpanzee’s initially rapid head and face growth quickly de- 
celerates but continues a slow increase until 12 years. All 4 measures 
for chimpanzee may really have reached a plateau by this time, but the 
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TABLE 5 


Head and face measurements for the Normative Group of chimpanzees 
and for human children (Brush) at three months expressed 
as a percent of their adult size 








CHIMPANZEE HUMAN 
Male Female Male Female 
Head length 65.6 66.4 71.1 72.5 
Head breadth 71.9 70.3 73.0 72.2 
Biorbital breadth 57.2 52.9 —-- a 
Upper face height 48.5 45.6 — —-- 





sample, being small, does not indicate this definitely. By 17 years, the 
human male curve for head length is still increasing slowly, but head 
breadth and the two female curves have apparently reached their plateau. 
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Regression shows a very consistent relation between head length and 
breadth (fig. 21). In neither species is there a significant sex difference 
in either rate or size. There is a significant difference between the 
species with breadth as compared to length increasing faster in humans 
than in chimpanzees. 

Both head length and head breadth were studied with respect to trunk 
height (table 4). In both dimensions chimpanzees have a comparative 
rate almost twice that of human children. Whether this difference is 
due to brain, frontal sinus, or bone growth cannot be determined from 
these data. If the development of the supraorbital torus, which con- 
tributes to head length, is in response to masticatory pressures (see Wein- 
mann and Sicher, *47, p. 118) then head length is, at least in part, a 
measure of facial growth. Washburn (’42a, *42b, *43, and *53) has 
repeatedly emphasized the dangers inherent in phylogenetic comparisons 
of external diameters when the internal anatomy is unknown. In the 
present instance the data simply indicate that these dimensions of the 
head grow at a constant, comparative rate with respect to one another 
in both species. 

DISCUSSION 


The preceeding analysis has indicated a number of differences in 
growth pattern both between chimpanzee and man and between the 
sexes within each species. Two of these differences are apparent in 
trunk height growth (figs. 5 and 6). The original diversity in the 4 
curves practically disappears when age and final size are equated, indi- 
cating that the diversity is due to differences in length of the growth 
period and to differences in final size. However, this curve of trunk 
height growth is curvilinear with respect to the equated age scale and 
is, therefore, difficult to analyze in any simple manner. It does show 
that the pattern of trunk height growth, independent of the length of 
the growth period and of final, absolute size, is basically the same in the 
two species and sexes. In order to determine what other differences 
there may be, the method of comparison should not re-analyze the two 
already identified. 

The index method does not satisfy this criterion. The index, plotted 
against chronological age, is not independent of the length of the growth 
period. Even if this were equated, the curve would not be linear and 
would show chance fluctuations which would have to be smoothed in 
some manner. These difficulties disappear when a regression equation 
is used. The parameter } not only is independent of the absolute size of 
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the dimensions but also affords a simple means of comparing rate of 
growth when the same measure of linear size is used as the independent 
variable. 

The selection of trunk height as this measure of linear size stems 
from the similarity of the sex and species curves when total growth 
time and final adult size are eliminated as variables. Therefore, the 
study of the growth of each dimension in terms of trunk height by 
means of simple, linear regression shows the similarities and/or differ- 
ences which are independent of the differences in adult, trunk height 
size and the duration of chronological time necessary to attain that size. 

Considered in this manner, the growth changes between birth and 
maturity lose their complexity and instead there is regularity of change 
and constancy of direction. At least from birth, the primate organism 
in the dimensions considered pursues a single course of growth to its 
completion at adulthood. 

For a consideration of the various regression equations, table 6 sum- 
marizes the levels of confidence for all significant differences in ecompara- 
tive rate and in size. The first column lists the variables of the equa- 
tions ; the second gives the groups compared (chimpanzee versus human 
or the sexes within the species). The third column shows the level of 
confidence for the species difference in comparative rate and the group 
with the more rapid growth (B for Brush and C for chimpanzee). The 
fourth gives the level of confidence for the significance of the difference 
between the sexes of each species in rate and the sex with the more 
rapid growth (M for male and F for female). The last column indi- 
cates the level of significance of the size difference, when no rate differ- 
ence is found, and also indicates the larger sex. 

In the species comparison all rate differences are significant. With 
the exception of the cube root of weight/trunk height both chimpanzee 
sexes differ from both human sexes at the 1% level ef confidence; in 
this one case male chimpanzees differ from boys at the 2% level. This 
indicates that even if the independent variable had been the same in 
both species, they would still have become more different as growth 
progressed. The absolute differences in the limbs, hips, and head are 
not just repetitions of differences in linear body size but are additional 
and independent. 

The comparative rate with respect to trunk height shows that human 
children grow faster in weight, lower extremity length, and hip breadth; 
they are slower in head length, head breadth, and total arm length. In 
the segments of the lower extremity, human children are always faster, 
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but for the segments of the upper extremity chimpanzees are the faster 
only in forearm and hand length; human children have the higher rate 
in upper arm length. This points again to the conclusion that the chim- 
panzee gets his longer upper extremity from more rapid growth in the 
forearm and hand rather than from the upper extremity as a whole. 

Of the 9 regressions against trunk height (total limb lengths not 
considered), 5 for Brush and 4 for chimpanzee show no sex difference 
in comparative rate; of these, each species has no size difference in two 
dimensions. The two species show about the same amount of sex simi- 
larity, but they show it in different dimensions. With trunk height 
constant, human children show no sex difference in weight or in hand 
length; chimpanzees show no sex difference in hip or head breadth. 
Therefore, absolute sex differences in these dimensions are associated 
with differences already observed in trunk height. 

Throughout the analysis, the dimensions were considered singly or 
in pairs. In order to bring the dimensions together and present a pic- 
ture of growth and development of the body as a whole, figures 22 and 
23 were prepared. These figures represent, diagrammatically, 9 meas- 
urements, in their relative anatomic position, of chimpanzee and human, 
male and female children at 4 stages in their growth period: birth, 
end of infancy, puberty, and adulthood. Data were not always available 
at the exact age marking the boundary between these subdivisions of 
the total growth period; therefore, data of the nearest chronological age 
were used as indicated. In both figures the width of the shoulders is 
arbitrary as there is no measure of biacromial breadth for chimpanzees. 

The increase in absolute size from birth to adulthood can be seen 
in figure 22. The chimpanzeee’s smaller, linear body size, longer upper 
extremity, and shorter lower extremity are apparent. The increase in 
the size difference between the human sexes can be compared with the 
no less real, but far less apparent, sex difference in the chimpanzee. 
However, differences in one dimension may augment or obscure differ- 
ences in another so figure 23 was constructed. 

In figure 23, the lengths of the various dimensions have been calcu- 
lated from their regression on trunk height. At each stage the trunk 
height of the average male chimpanzee was used for all 4 groups. These 
diagrams show what each of the 4 groups would have been like if in 
each the trunk height had been the same as that of the male chimpanzee. 

A number of otherwise obscured differences are now apparent. At 
birth both chimpanzee sexes show the relatively long upper extremities 
characteristic of adulthood. However, at this same time, they also have 
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relatively much longer lower extremities than do human children. In 
this context, the human newborn child has relatively short extremities ; 
the condition of the upper extremity remains unchanged during growth 
so that at adulthood, as at birth, human arms are shorter than chim- 
panzee’s arms. The major change is in the legs where the much higher 
human comparative rate produces a longer legged adult. 

Another interesting comparison is in head size as determined by 
head length and breadth. At all stages the human head is relatively 
larger than the chimpanzee’s, but the difference is greatest at birth 
and least at adulthood. At birth the difference in head length is over 
5em, while at adulthood it is less than 3cm. Breadth at birth shows a 
difference of over 4cm, but at adulthood this is reduced to less than 
3cm. Although the chimpanzee increases his head size relative to linear 
body size faster than does the human child, at any given trunk height 
the human child has the absolutely larger head. 


SUMMARY AND CONCLUSION 


The purpose of this paper is to identify and analyze resemblances and 
differences between chimpanzee and man during growth and development. 

The basic, longitudinal data were obtained from 16 chimpanzees born 
and raised at the Yerkes Laboratories of Primate Biology. For certain 
problems supplementary data from other laboratory animals are also 
used. Comparative human data are from Simmons’ (44) report on 
the Brush Foundation children. 

Consideration of the total growth period, conception to completion 
of linear growth, indicates that chimpanzees require less time to com- 
plete their growth than humans and that females require less than 
males. This is true not only for the total period, but also for its post- 
natal subdivisions: infancy, childhood, and adolescence. When the 
subdivisions are expressed as a percent of the total growth period, 
sex differences practically disappear. These percentages also indicate 
that the chimpanzee gestation period and childhood are relatively longer 
while infancy and adolescence are relatively shorter than in human 
children. The difference is not great and perhaps is not significant. 
In a relative sense the timing of events within the total growth period 
is very likely the same for both species. 

The analysis of weight indicates that at birth chimpanzees are rela- 
tively smaller than human babies; the newborn chimpanzee weighs, 
on the average 4.25% of its mother’s weight while the same figure for 
humans is 5.50%. The chimpanzee range overlaps the human average. 
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Using the maximum weight attained after 150 months as the measure 
of adult weight, the male chimpanzee averages 53.4 kg and the female 
49.2 kg, but the heaviest female weighs more than the heaviest male. 

Between birth and 144 months, there is considerable overlap between 
the sexes in the weight range, and on the average there is no sex dif- 
ference until 30 months. Females are then heavier until 120 months 
when the males go ahead. Human children are heavier than chimpan- 
zees at birth and adulthood, but chimpanzees are heavier between 4 and 
12 years. 

Annual weight increments show a decline after birth, followed by 
an increase to an age of maximum growth; this occurs in human chil- 
dren before but in chimpanzees after puberty. Because the age of 
maximum growth comes at approximately 70% of adult size in both 
sexes and species, it is suggested that the age of maximum growth may 
be indicative of approaching adulthood rather than being causally related 
to the events of puberty. 

When the average chimpanzee data for each linear dimension are 
plotted against chronological age, the various growth curves have the 
same general form. The largest annual increment occurs immediately 
after birth; each subsequent increment is smaller than the preceeding. 
In weight and in all linear dimensions, with the exception of hip breadth, 
there is no sex difference in early infancy. In hip breadth, there is a 
sex difference at this time; the male is the larger. There followr a 
period, not of the same duration in all dimensions, where, in the post- 
cranium, the female is the larger sex. Because of her shorter growing 
period, the female does not retain this size superiority into adulthood 
except for trunk height and upper arm length. In all other post-cranial 
dimensions the male is the larger adult on the average. 

Of the 4 head and face measurements there are indications of a sex 
difference only in head length. In the other dimensions there is appar- 
ently no sex difference even in the adults. 

Trunk height was used as a measure of linear body size instead of 
stature, the usual measure in human studies. When plotted against 
chronological age, trunk height shows both species and sex differences. 
These differences were almost eliminated by expressing age as a per- 
cent of the total growth period and by expressing size as a percent of 
adult size. The two species and sexes differ in adult size and in the 
length of time required to reach that size, but the curves connecting 
these end points with conception are practically the same. 

The other linear dimensions and weight also show species and sex 
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differences. To determine if these differences are independent of those 
already identified in trunk height, each dimension and the cube root of 
average weight (rather than average weight itself) were plotted against 
trunk height, and the linear regression equations were determined. 

Regression was preferred over the traditional indices in this case 
because, by using all of the data simultaneously, regression identifies the 
main trend of the data and gives a simple, more consistent picture of 
relative changes during growth. Simple linear regression was used in 
preference to more complex expressions because the coefficient of deter- 
mination showed that only an insignificant amount of the original vari- 
ability in the dependent variable was not associated with the variability 
in trunk height. 

The regressions against trunk height showed that human children 
(as represented by the Brush data) have a higher comparative rate of 
growth in weight, hip breadth, total lower extremity length and each of 
its segments, and in upper arm length. The chimpanzee has the higher 
comparative rate in forearm length, hand length, total upper extremity 
length, head length, and head breadth. Im each case the species dif- 
ference was highly significant. Even if linear body size had been the 
same in these species, there would still have been significant differences 
in all the other bodily dimensions considered. 

This methodology, regression of each dimension against trunk height, 
not only reduces the complex picture of growth depicted by indices to a 
series of simple straight lines, but also makes it possible to use trunk 
height as a comparative measure of growth. The organism, in the 
dimensions considered, follows, at least from birth, a single course of 
growth to completion at adulthood. 
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SEX AND AGE DIFFERENCES IN THE COMPOSI- 
TION OF THE ADULT LEG 


BY STANLEY MARION GARN AND JAMES H. SAALBERG 


Fels Research Institute, 
Yellow Springs, Ohio 


INTRODUCTION 


yHYSICAL anthropology has long been interested in the dimen- 
| sional, structural and topological differences between the sexes, and 
in the divergent changes in form and structure associated with aging in 
men and women. Up to a decade ago these problems were attacked, 
for the most part, by anthropometric techniques, with an accumulation 
of information on size differences and size changes. During the last 
ten years the use of roentgenographic techniques has made it possible to 
go beneath the surface, and to trace the “ internal contours” and their 
changes during the formative years (Reynolds, *52). Most recently 
attention has been directed toward the latter half of the life cycle (Keys, 
°53; Brozek and Keys, ’50; BroZek, 52). 

What happens in the aging adult is only poorly known, even in the 
male, and in our own culture. Weight increases up to the sixth decade 
(Hooton and Dupertuis 51). This may be attributed to a gain in fat, 
though after some point there must be a loss in muscle. Loss in dimen- 
sions other than stature, revealed by anthropometric techniques, may be 
due to loss of fat, or muscle, or both. Only in the increased size of the 
ears and nose have we a clear picture obtained by anthropometry alone 
of what happens to particular structures as age progresses. 

Using indirect estimates of body composition, such as the specific 
gravity technique of Behnke and his associates (°42), or more direct 
measurements of subcutaneous fat, Keys and his group have established 
some illuminating facts (Keys, 753; Brozek and Keys 750, 751). In the 
aging male there is a progressive increase in fat, even with constant 
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weight. But this is true only in a general way. On some parts of the 
body fat accumulates rapidly; elsewhere fat gain is slow (Garn, ’53). 
Some masses of muscle may show a rapid decrease in age; other muscle 
groups may maintain their size for a long time. In some areas fat 
decreases at the same time that it increases elsewhere. Our present 
need is for exact information on when and where fat is gained, and when 
and how muscle is lost in adults of both sexes. 

It is the purpose of this study, therefore, to investigate the problem 
of sex and age differences in tissue composition on one part of the body 
(the leg), in the age span 20-50 years. It is recognized that quantita- 
tive sex differences, and changes in composition associated with age may 
vary considerably according to the part of the body considered and the 
age span under investigation. In dealing with the lower leg, we are 
presenting data on one part of the body and neither suggest nor expect 
that these changes are characteristic of other body regions or the body 
as a whole. 


MATERIALS AND METHODS 


The present study is based on linear measurements of the muscle 
and fat shadows on lower limb X-rays of 50 adult males and 50 adult 
females, using standardized roentgenographic and mensurational tech- 
niques throughout. 

The 100 subjects in this study were white, with few exceptions of 
northwest European origin, members of the semiurban middle-class popu- 
lation of southwestern Ohio. Ninety-one were parents of participants 
in the longitudinal growth studies, two had themselves been participants 
in the Fels longitudinal studies since birth, and 7 were members of the 
Fels Institute Staff. 

The X-rays, of the left leg in every case, were taken antero-posteriorly 
at a standardized 6’ tube-to-film distance as described by Reynolds (751). 
Exposures were constant at 20 millampere-seconds and peak kilovoltages 
ranged from 51 to 59 kv., as required by variations in limb thickness. 

Measurements were taken at the level of the greatest muscle diameter, 
using a pinpoint vernier caliper (Fisher #12-—130) calibrated to 0.1 mm. 
Muscle thickness was recorded as measured, while superficial tissue 
measurements of the lateral and medial aspects of the leg were recorded 
separately (fig. 1). Total fat and total tissue thickness (muscle plus 
fat) were obtained by addition. 

It should be noted that the particular measurements taken are simple 
diameters, designed to show the extent of variations in muscle and fat 
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thickness in the lower leg. No corrections for bone size were necessary, 
nor was there any purpose in converting the diameters into areas or 
volumes. No corrections were made for magnification, a constant factor 


and less than 2%, or for possible variations in epidermal thickness. 















































Fig. 1. TRACING OF AN ANTERO-PosTERIOR X-Ray OF THE LEFT LEG SHOWING THE 
DIAMETERS MEASURED. MF Denotes Mepiar Fat, LF ReEFrers TO LATERAL FAT, AND 


MUSCLE IS MEASURED AS SHOWN. 


FINDINGS 


The investigation of sex differences in lower leg tissue composition 
was begun by comparing the diameters for men and women respectively. 
As shown in columns 1-3 of table 1, the total tissue diameters (muscle 
plus fat) were comparable in the two sexes and not significantly different. 
However, in tissue composition there was a marked sex difference. Muscle 
thickness averaged 107.5 mm in the men, and only 95.6mm in the 
women. Fat, on the other hand, was consistently thicker in the women, 
with the total averaging 19.0 mm, exactly twice the male total of 9.5 mm. 
Percentagewise the sex differences in fat thickness were of a comparable 
order. Leg fat equaled 16.4% of the total tissue diameter in the 
women, and only 8.1% in the men. 
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The sexes differed not only in the amount of muscle, and in the 
uniformly greater fat thickness in the women, but also in the placement 
of leg fat. In the men medial and lateral leg fat deposits were of com- 
parable magnitude, being 5.1 and 4.4mm thick respectively. In the 
women, however, media! and lateral leg fat thicknesses averaged 11.3 
and 7.7mm respectively. The female tendency to accumulate fat on 
the inner margin of the leg was best demonstrated by the difference 
between medial and lateral leg fat. In the men the difference (medial 
minus lateral fat) averaged 0.7 + 0.8mm. In the women, however, the 
mean difference between the two layers was 3.5 + 0.5 mm. 

Since the women were absolutely fatter-legged, it was important to 
determine whether this difference between medial and lateral fat was a 
true sex characteristic, or merely a function of the amount of fat present. 
Accordingly 25 women and 25 men were matched for lateral leg fat, 
using a “matched-pair” technique (Peters and Van Voorhis, *40). 
Though almost perfectly matched for lateral leg fat, the women still 
exceeded the males in medial fat by 40%. It was thus apparent that 
the tendency to deposit fat differentially on the medial aspect of the 
leg is a female characteristic, present in slender-legged and fat-legged 
women alike, and not simply a manifestation of greater leg fat. 

The analysis of age changes was made by comparing decade groups, 
by comparing subjects below and above the relevant age means, and by 
the use of the product moment correlation. Since the decade groups 
add nothing to the findings they will not be mentioned here. In the 
men the younger group of 25 (mean age 32) did not differ from the 
older group (mean age 46) in either fat or muscle (table 1, columns 
4-6). No definite, and certainly no significant age changes were thus 
revealed. The women similarly showed no age change in muscle, but 
did show a marked change in fat (table 1, columns 7-9). The fat 
increase from the younger to the older group averaged 4.1mm. This 
was due primarily to an increase in medial fat (+ 3.5mm) and less to 
the insignificant change in lateral leg fat (+ 0.6mm). Thus over two 
decades the women exaggerated the typically female pattern of leg fat 
distribution, by adding fat disproportionately on the medial aspect of 
the leg. 

The sexual differentiation in the age changes in leg composition is 
best demonstrated by the correlation coefficients. In the men medial leg 
fat is insignificantly correlated with age (— 0.018 +0.14). The regres- 
sion line is nearly horizontal (fig. 2). In the women, on the other hand, 
the correlation is moderate (+ 0.43 + 0.12) and significant at better 
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than the 1% level of confidence (fig. 2). The difference, medial mints 
lateral leg fat, increases with age in women, but not in men. In men 
the correlation coefficient is — 0.02 + 0.14. In women it is + 0.50 + 
0.11. There is little doubt that there is an age-associated increase in leg 
fat, in the women but not in the men. 

Thus sexual dimorphism is evidenced in the amount of leg fat, in 
the placement of leg fat, and in the rate at which leg fat accumulates 
with age. In the age span considered fat does not accumulate on the 
male leg. In the women, on the other hand, leg fat accumulates at the 
rate of 2mm per decade, primarily on the medial aspect of the leg. 
Unfortunately our data do not include subjects from the later decades 
of life. Therefore the age at which leg fat ceases to accumulate in the 
women and begins to diminish in both sexes can not now be ascertained. 


DISCUSSION 


The findings in this study show, as Reynolds and Grote (’48) and 
Reynolds (°51) have previously demonstrated, a marked sex dimorphism 
in the soft tissue composition of the adult leg. Though only slightly 
smaller in absolute diameter (—2.4mm), the women have far less 
muscle (—11.6mm) and far more fat (+ 9.5mm). Percentage-wise, 
as well as in absolute measurements, total leg fat in these women is 
double that for the men. These findings again indicate the importance 
of considering body composition in making anthropometric comparisons. 
The sex difference in leg circumferences in this age group is very small, 
but if we consider tissue composition rather than girths, the actual de- 
gree of dimorphism is large indeed. One might also point out the errors 
inherent in the customary technique of relating basal oxygen consump- 
tion to surface alone, without considering what is under the surface, and 
its metabolic requirements. 

However, totalling of fat measurements, and relating total fat to 
leg size and other diameters misses the most important distinction be- 
tween the sexes, namely the location of the fat. In the men, fat deposits 
on the medial and lateral aspects of the leg are nearly equivalent. In 
women, on the other hand, there is a disproportionate accumulation of 
fat on the medial aspect of the leg. This female characteristic holds 
even when the total amount of fat is considered. It is obviously im- 
portant, in studies of body composition, to determine where the fat is 
located, as well as how much fat there is. Moreover, recognizing this 
differential pattern of fat accumulation, one senses a further explana- 
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tion for the apparently higher incidence of genu valgum (“knock- 
knees”) in women. And one sees why the sexes differ in the contour 
of the “ inner calf curve,” at least in the age span considered here. 

The age changes observed in this study deserve especial comment 
because they are not what we expected to find. Following Keys (’53), 
and Brozek and Keys (’50 and ’51), as well as other studies using the 
Behnke technique, we expected an age-associated loss in muscle and a 
gain in fat in both sexes. In our men there was no significant change in 
either muscle or fat as age progressed. In the women, while muscle 
remained constant, there was a notable age increase in fat, especially in 
medial leg fat. Thus the female characteristic, a high ratio of medial 
to lateral leg fat, becomes even more pronounced in later years. 

These findings in no way contradict those obtained by other tech- 
niques. Fat need not accumulate upon the calf of the leg to the extent 
that it does on other parts of the body. A shift in specific gravity merely 
means that fat has been added or muscle lost, without telling where the 
loss or gain has occurred. The roentgenographic and the densitometric 
techniques supplement each other in telling us how much and where 
soft tissue has been gained or lost. However, it is notable that during 
the age range considered the male leg remains seemingly constant in 
composition. Evidently the decreasing output of testicular hormones 
does not result in a parallel loss of leg muscle. In the aging female, on 
the other hand, muscle size remains constant, but the leg rapidly accumu- 
lates fat. 

There is no immediate explanation for this sex difference in fat 
distribution or in fat gain, any more than there is an immediate explana- 
tion for the relatively higher fat content of females at all ages (Reynolds 
51). It is true that the woman may have an easy access to foodstuffs 
during the day, and it is possible but often improbable that her actual 
activity level is less. Yet we should not neglect the fact that oestrogenic 
hormones do not possess the specific metabolic effects of androgenic hor- 
mones, and during the steroid phase of development the fat gain charac- 
teristic of the female is especially pronounced. 

Finally, the subject of obesity itself should be broached. In gen- 
eral, fat and life span are inversely associated. But the woman is at 
all age levels more obese (that is, fatter), and as we have seen accumu- 
lates fat more rapidly during “ middle age.” Yet life expectancy con- 
tinues to be greater for the woman despite her opulent fat reserves. As 
we progress further into the investigation of adult sex differences and 
age changes in body composition we may find out why this is so. 
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SUMMARY 


1. Sex differences and age changes in the soft tissue composition of the 
lower leg were investigated by measuring anteroposterior leg X-rays 
of 50 women and 50 men, largely in the 20-50 age span. 

2. Though of comparable total diameter, female legs differed from male 
legs in their lower absolute muscle content, in their higher absolute 
fat content, and their higher percentage of fat (16.5% in women, 
8.1% in men). 

3. The sexes differed also in the distribution of fat on the lateral and 
medial aspects of the leg. In men the two thicknesses were com- 
parable (4.4 and 5.1mm respectively). In women medial fat 
(11.3 mm) exceeded lateral fat (7.7mm). Medial fat was 150% of 
lateral fat in women and 110% in men. 

4. Age changes in leg composition were insignificant in the men; the 
correlation between age and medial fat was — 0.018 + 0.14. 

5. In women, though muscle held constant, fat increased markedly 
with age, especially medial leg fat, with a correlation coefficient of 
+ 0.43 + 0.12 between age and medial fat. 

6. Attention was directed to the necessity of investigating the location 

and distribution of fat, in addition to overall estimates of fat and 

muscle content. 

Explanations for these sex differences were considered, and attention 


was directed toward the paradoxical situation where greater obesity 
in the female is not associated with increased morbidity as might be 
expected. 
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DERMATOGLYPHICS OF EGYPTIANS 


BY DAVID C. RIFE 
The Ohio State University * 


HE investigation reported herewith was undertaken with two objec- 

tives in mind: first, to learn how the frequencies of finger-tip and 
palm patterns and of palmar main line formulae of Egyptians compare 
with those of other populations throughout the world and, secondly, to 
determine whether or not Egyptian Muslims and Copts differ with re- 
spect to dermatoglyphics. Hand prints of 271 male Egyptian students 
were collected at Fouad I University in Cairo, and at Assiut College in 
Assiut, upper Egypt. Data on the incidence of finger-tip patterns 
among 300: females and 1,000 males, irrespective of religion, and also 
of 1,000 Coptic males were obtained from government records on file 
at the Egyptian Ministry of the Interior. The prints of all civil em- 
ployees, as well as those of house servants, are recorded in chronological 
order. Males and females are recorded in separate series. Our data 
were taken from books of records selected at random. The first 1,000 
men recorded in one book, and the first three hundred women in another 
book, and a hundred Copts from still another book provided our infor- 
mation on the frequencies of patterns on finger-tips. Only those indi- 
viduals having legible prints of all areas are included. Copts constitute 
only a small minority of those whose prints are on record. As religion 
is not specified on the government records, the Copts were identified by 
name. 

Grateful acknowledgment is due to Dr. Mohammed Zaky of the Minis- 
try of the Interior; Dr. Skellei, President of Assiut College; and Prof. 
F. G. Zakl, Faculty of Science of Fouad I University, without whose 
sincere cooperation the project could not have been completed. 


* Institute of Genetics and Department of Zoology. 
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FINGER-TIP PATTERNS 


Table 1 shows the frequencies of whorls, loops, and arches among 
each of the groups investigated. All groups are characterized by rela- 
tively high frequencies of whorls, and rather low frequencies of arches. 


TABLE 1 


Observed percentage frequencies of finger-tip patterns among Egyptians 











SOURCE NUMBER SEX WHORLS LOOPS ARCHES 
Government files 300 Female Right 36.2% 61.2% 2.6% 
Religion unclassified Left 35.4 58.8 5.8 

Total 35.8 59.8 4.4 
Government files 1,000 Male Right 42.5 54.8 2.7 
Muslims Left 39.3 57.0 3.7 
Total 40.9 55.9 3.2 
Government files 100 Male Right 43.5 54.9 1.6 
Copts Left 37.6 59.2 3.2 
Total 40.5 57.1 2.4 
Muslims 77 Male Right 48.0 46.1 5.9 
Cairo Left 46.2 46.3 7.5 
Total 47.1 46.2 6.7 
Muslims 20 Male Right 48.0 51.0 1.0 
Assiut Left 46.0 53.0 1.0 
Total 47.0 52.0 1.0 
Copts 61 Male Right 48.2 49.6 2.2 
Cairo Left 49.8 47.5 2.7 
Total 49.0 48.5 2.5 
Copts 113. Male Right 43.9 53.0 3.1 
Assiut Left 43.1 53.6 3.3 
Total 43.5 53.3 3.2 





Among males the average frequencies of whorls ranges from approxi- 
mately 40% to 49%, all four student groups having higher frequencies 
than those obtained from the government files. Females show the lowest 
frequencies of whorls, as is usually true. Consistent bimanual dif- 
ferences are apparent in the higher frequencies of whorls on right fingers, 
and of arches on left fingers. All 4 student groups show rather re- 
markable similarities in the frequencies of the three types of patterns. 
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PALM PATTERNS AND MAIN LINE FORMULAE 


All 4 student populations show essentially similar frequencies of 
palm patterns. They are characterized by relatively high pattern fre- 
quencies in the hypothenar area and low frequencies in the thenar/ 


TABLE 2 


Observed percentage frequencies of palmar patterns among Egyptian males 


THENAR/ SECOND THIRD FOURTH 
SOURCE NU MBER HYPO- FIRST INTER- INTER- INTER- INTER- 
rHENAR DIGITAI DIGITAL DIGITAI DIGITAL 


Muslims 77 Right 33.7% 11.6% 12.9% 50.6% 44.1% 
Cairo Left 42.8 12.9 7.7 38.4 53.2 
Total 38.2 12.3 10.3 14.6 18.6 
Muslims 20 Right 30.0 5.0 15.0 40.0 65.0 
Assiut Left 10.0 10.0 0.0 15.0 70.0 
Total 35.0 1a 1.5 27.5 67.5 
Copts 61 tight 50.8 4.9 6.5 44.2 36.0 
Cairo Left 36.0 16.3 0.0 26.2 59.0 
Total 43.4 10.6 3.2 35.2 47.5 
Copts 113 Right 32.7 2.6 9.7 51.3 44.3 
Assiut Left 38.0 15.0 2.6 26.5 48.6 
Total 35.3 9.2 6.2 38.9 46.4 


first, second and fourth interdigital areas. The frequencies are similar 
to those observed among Rwala Arabs (Shanklin and Cummins, *37) 
). 


and Syrians (Cummins and Shanklin, *37 

Main line formula 11.9.7. is most abundant, and 7.5.5. occurs rela- 
tively infrequently. Here, again, no real differences are indicated be- 
tween the student populations. All are characterized by marked trans- 
versality of main lines, in which respect they resemble Europeans and 
peoples of the Middle East. 


DISCUSSION 


Caucasions manifest considerable variability in regard to pattern 
intensities on finger-tips. With respect to whorls, northern Europeans 


show 25-30% whorls, southern Europeans show 35-40% and Jews and 
Middle Eastern people have 35-45%. (Cummins and Midlo, ’43.) 
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TABLE 3 


Observed percentage frequencies of various main line formulae among 
Egyptian males 


SOURCE NUMBER 11.9.7. 9.7.5. 7.5.5. OTHERS 
Muslims 77 Right 37.6% 11.6% 10.3% 40.5% 
Cairo Left 14.2 12.9 11.6 61.3 
Muslims 20 Right 30.0 15.0 15.0 40.0 
Assiut Left 00.0 10.0 30.0 60.0 
Copts 61 Right 31.1 16.3 6.5 46.1 
Cairo Left 11.4 18.0 8.2 62.4 
Copts 113 Right 35.4 7.9 10.6 46. 


Assiut Left 12.3 13.2 9.7 64.8 


Available evidence indicates that Caucasions are characterized by rela- 
tive uniformity with respect to palm patterns and main line configura- 
tions. The hand-prints of Egyptians are typically Caucasion, and the 
pattern intensities on finger-tips are strikingly similar to those of other 
Middle Eastern people. 

No real differences are indicated between the dermatoglyphics of 
Muslims and Copts, or between those of upper (Assiut) and lower 
(Cairo) Egyptians. Abdoosh and El-Dewi (*49) and Boyd (751) have 
compared the ABO blood group frequencies among Muslims and Copts, 
and although certain differences were suggested, none were great enough 
to be very significant. Boyd (751) also compared the M and N blood 
types, eye color, and taste reaction to phenyl-thio-carbamide, and no con- 
sistent and significant differences were apparent. It seems reasonable 
to assume that Egyptian Muslims and Copts are of essentially the same 
ethnic stock. 


SUMMARY 


Analysis and comparison of the fingerprints of 1673 Egyptians, as 
well as the palm prints of 273 of them, reveal close similarities to the 
dermatoglyphics of other Caucasians, especially those of the Middle 
Kast. No real differences were indicated between the dermatoglyphics 
of Muslims and Copts, or between those of the inhabitants of upper and 


lower Egypt. 
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THIGH GIRTH AND NUTRITIONAL STATUS: 
A COMMENT 


BY JOSEF BROZEK 
Laboratory of Physiological Hygiene 
University of Minnesota 
Minneapolis 14 


HE paper by Skerlj (’53) reflects the physical anthropologist’s 

growing interest in nutritional status. This interest will slowly 
but surely create a favorable cultural “ climate ” and methodology needed 
for a more precise and biologically more meaningful description of human 
physique (cf. Brozek, *53). 

Because of the fundamental importance of this task for physical 
anthropology and for the wider field of human biology, the need for a 
clarity of thought and accuracy of interpretation can hardly be over- 
emphasized. Thigh girth is a complex datum, including all 3 principal 
anatomical body components—bone, muscle, and fat—which can con- 
tribute varying amounts to the total in different individuals. Thus it may 
be confusing to say that subjects who deviate 2 standard deviations below 
the mean value of thigh girth are “lean,” those who exceed the same 
positive deviation, “ fat.” Leanness-fatness continuum refers to the fat 
content. You can have a large but lean steak (or thigh). While it is 
true that, on the whole, a larger thigh will mean a thigh with a larger 
amount of intramuscular and subcutaneous fat, this will not apply in 
individual cases in which the muscle tissues may be the dominant factor, 
with a minimum of subcutaneous fat. 

The information yielded by the thigh girth measurement would be 
markedly improved by the addition of a skinfold measure (at the same 
height, on the frontal surface) and perhaps also of the width of the 
femoral condyle, as an index (together with stature) of the skeletal 
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mass. While it is true that adequately standardized calipers and methods 
of measurement had not been available, for many purposes this does not 
invalidate the use of home-made calipers, “ standardized” by and for 
the particular investigator. The question of standardization becomes 
crucial for inter-laboratory comparisons and for setting up generally 
valid norms. 

While the correlation coefficients calculated by Dr. Skerlj are of 
interest in their own right, as descriptive statistics, few of the data are 
relevant to the topic of nutritional status. The high correlation of thigh 
girth with weight would indicate that, under conditions of normal body 
hydration (absence of edema), the use of the thigh circumference would 
add little to the information about the caloric aspects of nutritional 
status provided by relative body weight (actual weight as percentage 
of the sex-age-height standard). The correlation of the latter charac- 
teristic with the classification according to the “ plastic” type is not 
given. 

The use of an anthroposcopically assessed charcteristic, such as the 
plastic type, as a criterion against which the anthropometric data are 
validated is a basically questionable procedure. Yet this is the only 
procedure used in the study. 


TABLE I 


Circumferences, in cm, measured in 32 young men during the control period 
(C) and after 24 weeks of maintenance on a highly reduced caloric intake (S24). 
A=C— 824. A% 100A/C. SD, standard deviation of the distribution during 


the control period, used as a measure of “ deviation from normal.” 








Circumference C S24 A A% A/SD, 
Thorax 89.3 82.6 6.7 7.5 2.0 
Abdomen 78.1 70.7 7.4 9.4 ie 
Upper arm 28.5 21.5 7.0 24.5 3.9 
Thigh 47.1 38.0 9.1 19.4 3.2 
Calf 37.7 33.0 4.7 12.5 2.8 





A more rigorous approach is to examine the differences in anthropo- 
metric dimensions (circumferences) in groups of individuals whose 
nutritional status is known to have changed drastically. The data for 
5 circumferences, measured in the Minnesota starvation-rehabilitation 


experiment (Keys, et al., °50) are presented in Table I. The decrement 
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in thigh girth, whether expressed as percentage of control value or, pre- 
ferably, in terms of the displacement ratio, is exceeded by the upper 
arm. The reason for the differences between the limb circumferences 
has not been definitely established. Th principal factor is likly to have 
been the initial amount of subcutaneous fat. The second factor could 
be edema. Perhaps edema affected the calf most, the arm least. This 
would be a definite reason for using the latter in preference to measure- 
ments on the lower extremity. It may be noted, in passing, that in 
Howells’ (°52) factor analysis of body build it was also the upper arm 
circumference which had the highest positive score on the first (endo- 


morphy-ectomorphy) factor. 


TABLE II 


Crossectional areas of the limbs, in cm?. For legend see Table I. 











Crossectional 


area Cc S24 A A% 
Upper arm rT ry? ar)? ae vy 

Thigh 176.7 114.6 62.1 35.0 

Calf 113.3 86.8 26.5 23.4 





The changes are more impressive when we deal with crossectional 
areas rather than with the linear circumferences. These data are included 
in Table Il. To be more precise, one should correct both the control (C) 
and the starvation (S24) values for the crossectional area of the bone, 
estimated from roentgenograms. For thigh, the values of the corrected 
crossectional area (area of soft tissues) were C = 170.6 em*, S24 — 108.5, 
A = 62.1, A% = 36.4. Ideally, the values for the crossectional areas of 
subcutaneous fat and muscle should be evaluated separately. 

There are two methodological limitations noted in Dr. Skerlj’s com- 
munication which can be easily remedied. Rather than working in an 
area very close to the sex organs, the circumference could be readily 
measured at the mid-thigh level (midway between the top of the patella 
and inguinal fold). With the subjects sitting, this point can be 
determined and duplicated with considerable precision. Variations in 


pressure can be obviated by the use of a constant pressure tape. 
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